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What you should consider before you rush into 


What’s so important about the microprocessor 
that it should have been catapulted into one of 
the most significant developments in the elec¬ 
tronics field over the last decade? Well, certainly 
not that microprocessors, themselves, represent 
anything new in the way of circuit implementa¬ 
tion. Computer designers had been using them 
as integral parts of large computers long before 
they became the buzz-word of the industry. 
Rather, it's the fact that technological advances 
into large-scale integration have made the micro¬ 
processor the most effective, most reliable, 
simplest, and least expensive way of accomplish¬ 
ing complex electronic functions today. It's not 
surprising, therefore, that the microprocessor, or 
in a larger sense, the microcomputer, is dominat¬ 
ing the design thinking for most equipment cur¬ 
rently in the planning stage. 

The microcomputer is such a powerful per¬ 
former that the vast majority of all possible 
applications probably could be served by any one 
of the dozens of different models available. Yet, 
for each application there's probably one micro¬ 
computer system that serves the purpose best. 
And so, before entrusting your design to any 
specific processor (or supplier) we offer the fol¬ 
lowing four considerations for your investigation: 


Choice 

Despite occasional claims to the contrary, there’s no 
such thing as a truly universal circuit—not from the 
standpoint of cost-effectiveness. While our M6800 
microcomputer system comes as close as any other to 
serving the bulk of all potential applications, it’s "over- 
qualified" for some, and "underqualified" for others. 
That's why Motorola manufactures a variety of micro¬ 
computer systems: 

The M6800 Family—the most pervasive of the 
general-purpose MPU systems. 

The MC3870—a low-cost, single-chip microcom¬ 
puter for dedicated applications. 

The MC141000—a CMOS alternative to the above, 
for lowest possible power dissipation, 

The bipolar M2900 and M10800 systems—for high¬ 
est speed. 

Moreover, each of these has at least one viable alter¬ 
nate source, so that your manufacturing requirements 
can not easily be compromised. 

In addition to components for microcomputer sys¬ 
tems, Motorola supplies an extensive line of micro¬ 
modules—assembled subsystems—for those manu¬ 
facturers who wish to begin their equipment designs at 
a higher level. 

Support 

The key to the successful development of a dedi¬ 
cated MPU system and, ultimately, to manufacture and 
service the system, is an umbrella of support equip¬ 
ment. The Motorola microcomputer product families 
are complemented with one of the industry’s most 
pervasive arrays of user-oriented development aids, 
test equipment and support literature. The support 
hardware system is modularized to permit purchase of 
just those components required for the complexity of 
the system to be designed. An extensive software 
library, including a proven library of user-developed 
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programs, is also available. And Motorola maintains a 
nationwide network of Field Applications Engineers to 
assist customers with microcomputer design 
problems. 

Commitment 

Chances are your first MPU purchase will not be 
your last. That's why a primary consideration in the 
choice of an MPU line on which to hang your designs 
should be the manufacturer’s commitment to the 
expansion of that specific line—expansion of hardware 
to keep up with the state of the art while maintaining 
software compatibility with the existing system. 

Motorola's commitment to the M6800 line is manifest 
not only by the introduction of a second-generation 
MPU (the MC6802), but by a literal explosion of 
scheduled peripheral products encompassing over 
100 new type numbers in 1977 alone. All are bus- 
compatible with the original system and utilize the 
original instruction set This dedication assures the 
safety of your software investment even as you switch 
to increasingly cost-effective hardware for future 
design and production. 

Diversification 

Even the most complex microprocessor system (or 
single-chip microcomputer) isn't a complete system. 
All need additional components of one kind or another 
to perform an equipment function. More memory, 
perhaps, for additional storage capacity; interface 
circuits to match various peripherals: power devices to 
drive external equipment. Motorola's product line 
extends far beyond MPU device lines. As a world leader 
in solid-state products, we supply devices in almost 
every semiconductor category—from ICs to discretes; 
from digital to linear; from MOS to bipolar. This proven 
solid-state capability is your further insurance of total- 
product support—today, tomorrow, and in the years 

May we help you? 




... for maximum versatility. 

The M6800 Family with its peripherals. Page 4 

... for system simplicity and 
dedicated applications 

Three single-chip microcomputers with 
on-chip ROM and RAM. Page 15 

. . . where high-speed counts 

Bipolar "slice” systems with state-of-the-art 
performance and unlimited expandability. 

Page 19 

. . . Commitment to reliability 

An abstract of the latest reliability report 
on M6800 components. Page 22 

. . . Commitment to Support Products 

A quick overview of system-development 
hardware, software, and higher-level system 
design modules. Page 23 
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at a glance 


the formula for successful MPU- 
based designs is the selection of the most cost- 
effective processor family from among the many 
systems available today. The M6800 family ranks 
high in meeting the requirements. 

Its NMOS LSI architecture offers bus transfer 
rates up to 2 MHz, and 8- and 16-bit processing 
capability. 


The progressive complexity of its basic MPU/ 
MCU building blocks permits system design 
flexibility that yields cost-effectiveness for any 
potential applications 

But there are more considerations to the selec¬ 
tion of the best microcomputer system than just 
technical capability. When your production is as 
heavily dependent on the availability of a set of 
components as dictated by a commitment to a 
specific MPU family, a constant and reliable 
source of supply is of paramount importance. So 
is the continuing flow of new and related products 
that guards against system obsolescence. 

Motorola is dedicated to the continual expan¬ 
sion of the M6800 system with new products, new 
designs and expanded peripherals—all tailored to 
increase the scope and value of your investment. 


M6800 LINE FEATURES 

For System Design Ease: 

• Powerful, variable-length instruc¬ 
tions reduce programming com¬ 
plexity and development time. 

• 65K memory address capability 
encompasses the largest program 
requirements likely to be encoun¬ 
tered in microcomputers. 

• Single 5-volt power supply operation 
and bus organization simplifies 
system design. 


For Maximum Throughput: 

• Bus transfer rates to 2 MHz provide 
high-speed operation. 

• Automatic data stacking during 
interrupts reduces programming 
complexity. 

• 3-state output. 

• Vectored restart 
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M6800 



THE MC6800 


Whether a microcomputer consists of a totally 
integrated single chip, or is composed of a num¬ 
ber of interactive LSI chips, the microprocessing 
unit (MPU) is the central control system that 
determines the eventual application for which the 
system is best suited. Its architecture contains 
the complex routines that permit the system to 
respond correctly to each of the different 
"instructions” associated with a particular 
system. It controls the flow of signals into and out 
of the computer, routing each to its proper 
destination in the required sequence to perform 
an end function. 

The M6800 Family currently includes two 
standard 8-bit MPUs, with a third, a 16-bit unit, 
scheduled to join the lineup during 1978. And for 
maximum on-chip power, a complete single-chip 
microcomputer will join the Family soon (see 
Page 18). 




Th« Original Lineup 
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MC6802 

Take the basic MC6800 MPU, add an on-chip clock 
and 128 bytes of RAM. and you essentially have the 
second generation M6800 MPU chip—the MC6802. 
This versatile processor has all the attributes of the 

—It is fully compatible with all the peripherals, 
features the same MPU architecture and capabilities, 
and works with the same instruction set— 

But it reduces the component count of a minimum 
microcomputer system to only two. compared with a 
minimum of four with the earlier MPU. 

The built-in clock operates at a maximum frequency 
of 1 MHz but. thoughtfully, the chip designers have 
added an on-chip divide-by-four circuit to permit the 
use of an external 4-MHz crystal in lieu of a far more 
expensive 1 -MHz crystal In addition the first 32 bytes 
of the built-in RAM may be operated in a low-power 
mode, from an external power source, to prevent the 
loss of information during a power-down situation. 

Utilizing this MPU, a minimum microcomputer sys¬ 
tem consists of: 

1 MC6802 MPU 

1 MC6846 ROM-I/O-Timer Unit (Page 10) 

Of course, the system is expandable to any require¬ 
ment with the adapters, expanders and other periph¬ 
eral chips that are a part of the M6800 Family 
The MC6802 is available in both ceramic (suffix L) 
and plastic (suffix P) package. 


INTRODUCING 

THE MC6809 MICROPROCESSOR 

(Coming Soon) 

Today, there’s a lot of controversy about where a 
microcomputer turns into a “mini’. While a number of 
benchmarks have been suggested, it is generally con¬ 
ceded that 16-bit processing capability constitutes a 
minimum "mini" requirement. 

Motorola is a microcomputer manufacturer, but the 
soon-to-be-announced MC6809 Microprocessor at 
least borders on minicomputer capabilities 

It has 16-bit capability with 50-percent more 
throughput than the MC6800 It operates at 2 MHz, 
adds 16 new addressing modes, utilizes an expanded 
instruction set with high-level language capability, and 
features a host of other refinements that add functional 
expansion to, while maintaining compatibility with, the 
M6800 Microcomputer Components Family. 


MC6809 





















































interface circuits for 



Simple Microcomputers, or those dedicated to 
one specific application, conceivably could have 
all the required circuitry on a single chip. 
General-purpose microcomputers, and those 
intended for complex system design, do not. The 
reason—the design of a chip with the memory 
and interface circuitry compatible with all 
possible end-use applications would make it 
cost-effective for none. 

The M6800 system was conceived and de¬ 
signed to encompass an array of LSI components 
which, in various combinations, provide low-cost 
solutions to most eventual microcomputer appli¬ 
cations. The choice of microprocessor chips, 
Page 6, together with the selection of the right 
memory, Page 8, and the most suitable periph¬ 
eral interface circuits described here, often 
results in the most effective and least expensive 
system that can be configured for most 
applications. 

MC6846* - ROM-l/O-TImer 

Highly efficient interface chip contains 2048 bytes of 
ROM, together with a 16-bit programmable timer- 
counter and an 8-bit bidirectional data port for 
peripheral interface. In conjunction with MC6802 
MPU, it constitutes a versatile 2-chip microcomputer 
system Compatibility with other M6800 interface and 
peripheral circuits permits system expansion to any 
required additional complexity at low cost 

The built-in ROM provides read-only storage for a 
minimum microcomputer system and is mask- 
programmable to the user's specifications The timer 
may be programmed to count events, measure fre¬ 
quencies and time intervals, generate square waves, 
etc. The I/O port is under software control and includes 
two "handshake'' control lines for asynchronous 
interlace with peripherals 


MC6821* — Peripheral Interlace Adapter (PIA) 

This parallel oriented periperal interlace circuit is 
one of the most important interface circuits available 
Contains two I/O circuit blocks, each capable of con¬ 
trolling an independent 8-bit peripheral data bus 
Multiple PIAs can be used with a single system and 
selectively addressed by means of Chip-Select inputs 
Each peripheral data line can be programmed to act as 
an input or output and each of four control/interrupt 
lines car> operate in one of several control modes. 
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In many applications, input data to a computer 
comes from program sources that are wired 
directly to the computer inputs; in others the data 
is derived from remotely located sources and 
transmitted to the computer by means of tele¬ 
phone lines. Remote data communications 
requires additional peripheral equipment—to 
establish contact; to convert digital signal levels 
into corresponding transmittable data; to 
assemble serially transmitted data pulses into 
byte-sized parallel inputs to the computer (or 
vice-versa). 

The M6800 Family contains a number of com¬ 
patible LSI components that make the develop¬ 
ment of communications interface equipment 
quick, easy and relatively inexpensive. 


MC6660* - 0-600 bps Digital Modem 

The MC6860 is a MOS subsystem designed to be in¬ 
tegrated into a wide range of equipment utilizing serial 
data communications, including stand-alone modems, 
data-storage devices, remote-data communications 
terminals and I/O interfaces for minicomputers. 

The modem provides the necessary modulation, 
demodulation and supervisory control functions to 
implement a serial data communications link, over a 
voice grade channel, utilizing frequency shift keying 
(FSK) at bit rates up to 600 bps. 

The modem is compatible with the M6800 Micro¬ 
computer Family, interfacing directly with the 
Asynchronous Communications Interface Adapter to 
provide low-speed data communications capability. 


MC6650* — Asynchronous Communications 
Interface Adapter (ACIA) 

This circuit provides the data formatting and control 
to interface serial asynchronous data communications 
information to bus-organized systems. 

The parallel data of the bus system is serially trans¬ 
mitted and received by the asynchronous data inter¬ 
face, with proper formatting and error checking. The 
functional configuration of the ACIA is programmed 
via the data bus during system initialization. A pro¬ 
grammable Control Register provides variable word 
lengths, clock division ratios, transmit control, receive 
control, and interrupt control. Three control lines allow 
the ACIA to interface directly with the MC6860 Digital 
Modem. 


MC6854* - Advanced Data Link Controller (ADLC) 

The MC6854 ADLC performs the complex MPU/data 
communication link function for the "Advanced Data 
Communication Control Procedure” (ADCCP), High- 
Level Data Link Control (HLDC) and Synchronous 
Data Link Control (SDLC) standards. 

In a bit-oriented data communication system the 
data is transmitted and received in a synchronous 
serial form. 

The serial data stream must be converted into 
parallel, analyzed, and stored (for use by the MPU) in 
order for data link management to be accomplished. 
Similarly, parallel data from the MPU system must be 
serialized with the appropriate frame control Informa¬ 
tion in order to conform to the bit-oriented protocol 
standards. The Advanced Data Link Controller (ADLC) 
provides these functions. 

MC6852* - Synchronous Serial Data Adapter (SSDA) 

Provides interface between the M6800 MPU system 
and synchronous data terminals such as floppy disk 
equipment, cassette or cartridge tape controllers, 
numerical control systems and other systems requir¬ 
ing movement of data blocks. Operates at speeds up to 
600 kbps. 

MC6862 - Digital Modulator 

Offers the necessary modulation and control func¬ 
tions to implement a serial data communications link 
over voice-grade channels at bit rates of 1200 and 
2400 bps 

'Available in package configurations a no temperature and frequency 
ranges to match those of the MCS800 MPU described on Page 6 
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New M6800 
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On the one hand there are the microcomputers, 
and on the other There are the peripherals. Each 
peripheral has different needs, both functionally 
and electrically, and, therefore, demands a 
different interface circuit to adapt it to a specific 
microcomputer design. 

The MC6821 Peripheral Interface Adapter on 
Page 10 permits first-order peripheral selection 
and I/O control, but it doesn’t provide the com¬ 
plex functional control required by each unique 
computer peripheral. 

Normally, functional peripheral control re¬ 
quires a board-full of SSI/MSI circuits. The LSI 
circuits described here reduce this requirement 
to a simple, convenient and relatively inexpensive 
single package. 


MC6843 — Floppy Disk Controller 

This 40-pin LSI circuit performs the complex MPU/ 
Floppy Disk interface function. It contains twelve 
accessible and three nonaccessible internal registers 
which, together with a Micro-Controller/ROM network, 
form the communications link between the M6800 
MPUs and a wide range of disk drives. Multiple disk 
drives can be controlled with the addition of external 
multiplexing rather than additional controllers. 

General Description 

The three nonaccessible registers provide serial-to- 
parallel and parallel-to-serial conversions as well as 
Data-Clock pattern generation and detection. The disk 
operation is monitored by the MPU via the three status 
registers. Separate registers provide for Track and 
Section Address Information. 

The Setup Register serves two purposes. One 
section allows generation of a programmable delay 
corresponding to the Seek Time of the drive in use. 
The remaining section provides a programmable 
settling time delay. 

The General Count Register provides the new track 
number for SEK and STZ commands, and a second 
count for multi-sector read/write. 

One bit in the Command Register selects either 
Program Control or Direct Memory Access. The 
remaining bits in the Command Register direct the 
internal Micro-Control Unit to perform either a micro 
or macro command. A set of 10 macro commands 
govern program operation. 
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Programming Model of MC6843 Floppy Disk Controller 
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MC6844 — Direct Memory Access 
Controller 

This DMAC works with an M6800 MPU Clock Pulse 
Generator and an I/O Peripheral Controller, such as 
the units described here, to facilitate direct access to 
the computer memory by the peripheral, thus by¬ 
passing MPU interactive time delay. 

General Description 

The MC6844 is operable in three modes: HALT Burst, 
Cycle Steal and TSC Steal. In the Burst Mode, the MPU 
is halted by the first transfer request (TxRQ) input and 
is restarted when the Byte Count Register (BCR) is 
zero. Each data transfer is synchronized by a pulse 
input of TxRQ. In the Cycle Steal Mode, the MPU is 
halted by each TxRQ and is restarted after each one 
byte of data transferred. In the TSC Steal Mode, DMAC 
uses the three-state control function of the MPU to 
control the system bus. One byte of data is transferred 
during each DMA cycle. 

The DMAC has four channels. A Priority Control 
Register determines which of the channels is enabled. 
While data is being transferred on one channel, the 
other channels are inhibited. When one channel com¬ 
pletes transferring, the next will become valid for DMA 
transfer. The PCR also utilizes a Rotate Control bit. 
Priority of DMA transfer is normally fixed in sequential 
order. The highest priority is in #0 Channel and the 
lowest is in #3. When this bit is in high level, channel 
priority is rotated such that the just-serviced channel 
has the lowest priority in the next DMA transfer. 



Typical Direct Memory Acceea Diagram 


MC6845 - CRT Controller 

This single-chip Controller provides the complex 
interface between a cathode-ray terminal and a micro¬ 
processor of the M6800 Family. It is designed to 
simplify the development and production of equipment 
such as intelligent terminals, word processing and 
information display devices. 

General Description 

The CRTC consists of the horizontal and vertical 
counting circuits, a display address generator, a cursor 
register and comparator, and a light-pen register. 

The horizontal and vertical counting circuits gener¬ 
ate the signals: Blank, HSYNC, VSYNC, and R0-R4. 
R0-R4 are row count signals to the external character 
generator ROM. The numbers of horizontal characters 
per raster, rasters per character line, character lines 
per screen and horizontal and vertical SYNC position 
are programmable by the MPU. 

With 14 address lines from the CRTC to the display 
memory, over 16K of memory may be randomly 
addressed for display. The CRT may be scrolled or 
paged through the entire display memory under MPU 

A light pen strobe input signal allows capture of 
refresh address in an internal light-pen register 

The cursor control register determines the cursor 
location on the screen. The cursor format can be 
programmed for fast-blink, slow-blink, or non-blink 
appearance, with programmable size. 
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all-on-one-chip 
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Utilization of large-scale integrated circuits 
always involves a series of compromises. On the 
one hand, the more circuitry that is incorporated 
on a single chip, the more limited is the system 
designer's control over the exact behavior of the 
ultimate system. On the other hand, the more 
complex the chip, the fewer the components 
needed for system implementation and, concur¬ 
rently, the simpler the design and the lower the 

Applied to microcomputers, the previously 
described M6800 Family of LSI components 
gives the designer control over system architec¬ 
ture and functional operation while, at the same 
time, offering large enough building blocks for 
simplified system designs at low cost. Yet, there 
a re numerous microcomputer appl ications where 


the end requirement permits processing of all 
necessary functions—MPU, Memory, I/O—into a 
single chip of managable size. For such applica¬ 
tions the single-chip microcomputer results in 
the most cost-effective final system. 

You don't just order a single-chip micro¬ 
computer; you have it built for you. Since your 
dedicated program must be incorporated in the 
read-only memory on the chip, your order con¬ 
stitutes, in effect, a custom order. Yet, because 
custom programming can be done in the final 
metallization stage of chip processing, such 
processing is relatively inexpensive. 

Motorola now supplies two single-chip micro¬ 
computers of varying design with still another in 
the design cycle. These components, described 
on the following pages, merit serious 
consideration. 
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For dedicated applications 



Any application that can be formatted within 
the capacity of an on-chip ROM is a likely candi¬ 
date for one of the single-chip microcomputers 
described here. The customer develops and tests 
his proprietary source program and sends it to 
Motorola for proper processing of the final chip. 
From receipt of the source program to delivery of 
prototype product takes approximately 8 weeks. 
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with Mask- Programmable Read-Only Memory (ROM) 
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Single-chip microcomputers ... 
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The first M6800 Microcomputer on a single chip 













































































Where high speed counts... 
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Long before MOS technology became the’un¬ 
official standard for microcomputers, computers 
were being built with bipolar building blocks .. . 
and they still are. While suffering in comparison 
with MOS circuits in terms of processing simpli¬ 
city and, therefore, cost (for LSI configurations), 
they have an overriding advantage in terms of 
speed. In many applications requiring real-time 
responses and complex calculations, bipolar 
processing represents the only alternative. 

But even here. Motorola offers the system de¬ 
designer a choice—a choice between two bipolar 
circuit configurations: TTL (Schottky, of course) 
and ECL (Pages 20 and 21). 

The bipolar approach to microcomputers dif¬ 
fers considerably from the MOS approach. 


Rather than providing complete microcomputers, 
or even microprocessors, bipolar designers have 
evolved a "bit slice" concept. This consists of a 
series of LSI components representing various 
major functions of a general-purpose computer. 
These components are cascadable to form sys¬ 
tems of any desired complexity. Thus, the basic 
4-bit slice building blocks offered by the two 
Motorola bipolar families can be expanded into 
8-bit, 16-bit and even 32-bit machines. Special 
circuit architecture makes these building blocks 
easily microprogrammable. 

Unlike MOS MPUs, all of which are accom¬ 
panied by proprietary software, the bipolar 
families can be designed to utilize software from 
any existing computer line. 















Where high speed counts... 
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Speed and versatility are the key attributes of the bipolar 4-bit slice processor families when 
compared with the MOS components. Speed is the biproduct of bipolar processing; versatility 
results from the "slice" concept that permits virtually unlimited expansion of the computer 
system. Specifically, both families described here consist of 4-bit-wide components that are 
structured or "sliced" parallel to the data flow. This permits system expansion to larger word 
lengths simply by connecting several parts (of each type) in parallel. 

The M2900 (LSTTL) Family „ 

System Clock Frequency 8.3 to 9.5 MHz 

This family of TTL LSI components is micropro- 
grammable for efficient emulation of almost any com¬ 
puting machine. 

The heart of the system is the MC2901, a fully ex¬ 
pandable 4-bit Arithmetic and Logic Unit (ALU). 

This device consists of a 16-word by 4-bit two-port 
RAM, a high-speed ALU, and the associated shift¬ 
ing. decoding and multiplexing circuitry. The ALU 
function has look-ahead or ripple carry, three-state 
outputs, and various status-flag outputs. The look¬ 
ahead carry function is performed with an MC2902 
Look-Ahead Carry Generator in conjunction with 

The MC2909/2911 are four-bit wide address con¬ 
trollers intended for sequencing through a series of 
micro instructions contained in the microprogram 
memory These controllers have a 4 x 4 stack that 
allows nesting of subroutines. The system speed can 
be improved by "pipelining" the contents of the micro¬ 
program into MC2918 four-bit registers Also, the 
MC2918 register can be used as an address register, 
condition code register, or for various other register 
applications 

The 1-0 interface can be achieved with several 
different bus transceiver devices. The MC2905/06/07 
have high-current sinking, open-collector bus outputs. 

The driver side has four D-type edge-triggered flip- 
flops and the receiver side has four D-type latches. The 
MC2915A 16A 17A are three-state bus output options. 

These bus transceivers can be used to transfer infor¬ 
mation from the ALU to the main memory or other bus 
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INTRODUCING THE 

flC&SOOO... 

MOTOROLA'S ADVANCED COMPUTER 
SYSTEM ON SILICON 


The MC68,000 microprocessor is housed in a 64-pin 
package that allows the use of separate (non- 
muitiplexed) address and data buses. This large 
package provides optimum flexibility while at the 
same time maximizing bus through-put. 


PIN IDENTIFICATION & DEFINITIONS 
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in performance and circuit complexity than has been 
previously available. The MC68000 is the first of a 
family of such VLSI microprocessors from Motorola. It 
combines state-of-the-art technology and advanced 
circuit design techniques with computer sciences to 
achieve an architecturally advanced 16-bit micro¬ 
processor containing over 68000 active devices on a 
silicon chip. This high density of active elements 
coupled with an order of magnitude increase in per¬ 
formance over the original MC6800 is the direct result 
of significant advances in semiconductor technology. 
Advances such as dry PLASMA etching, projection 
printing, and HMOS (High density short channel 
MOS) circuit design techniques (Figure 1) have pro¬ 
vided a sound technological base that has allowed 
Motorola's system engineers, computer scientists and 
marketing engineers a large degree of innovative 
freedom. The goals of applying this innovative free¬ 
dom to microprocessors are to make the microproces¬ 
sor easy to use, more reliable and more flexible for 
applications, while maximizing performance. 

The resources available to the MC68000 user con¬ 
sist of the following: 

• 32-bit data and address registers 

• 16 mega-byte direct addressing range 

• 61 powerful instruction types 

• operations on six main data types 

• memory mapped I/O 

• 14 addressing modes 

Particular emphasis has been given to the architec¬ 
ture to make it orthogonal (regular) with respect to the 
registers, instructions (including all addressing 
modes), and data types. Orthogonality makes the 
architecture easy to learn and program, and, in the 


developing software. 

High systems throughput (up to an aggregate of 
two million instruction and data word transfers per 
second) is achieved even with readily available 
standard product memories with comparatively slow 
access times. The design flexibility of the data bus 
allows the mixing of slow and fast memories or 
peripherals with the processor, automatically op¬ 
timizing the transfer rate on every access to keep the 
system operating at peak efficiency. 

The hardware design of the CPU was heavily in¬ 
fluenced by advances made in software technology. 
High level language compilers as well as code pro¬ 
duced from high level languages must run efficiently 
on the new generation 16-bit and 32-bit microproces¬ 
sors. The MC68000 supports high level languages 
with its consistent architecture, multiple registers and 
stacks, large addressing range and high level lan¬ 
guage oriented instructions (LINK, UNLINK, CHK, 
etc.). Also, operating systems for controlling the 
software operating environment of the MC68000 MPU 
are supported by privileged instructions, memory 
management, a powerful vectored multi-level inter¬ 
rupt and trap structure, and specific instructions 
(EXG, LDM, STM, TRAP, etc.). 

The processor also provides both hardware and 
software interlocks for multiprocessor systems. The 
CPU chip contains bus arbitration logic for a shared 
bus and shared memory environment (shared with 
other MC68000 processors, DMA devices, etc.). Mul¬ 
tiprocessor systems are also supported with software 
instructions (TEST and SET, TEST and RESET, etc.). 
The MC68000 offers the maximum flexibility for 
microprocessor based multiprocessor systems. 
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Advanced architecture processors must not only 
offer efficient solutions to large complex problems but 
must be able to handle the small, simple problems 
with proportional efficiency. The CPU has been de¬ 
signed to offer the maximum in performance and 
versatility to solve simple and complex problems 
efficiently. 

The MC68000 offers sixteen 32-bit registers in addi¬ 
tion to the 24-bit program counter and 16-bit status 
register (Figure 2). The first eight registers (D0-D7) 
are used as data registers for byte (8-bit), word (16-bit) 
and long word (32-bit) operations. The second set of 
eight registers (A0-A7) may be used as software 
Stack Pointers and Base Address Registers. In addi¬ 
tion, the second set of eight registers may be used for 
word and long word data operations. All of the six¬ 
teen registers may be used as Index Registers. 

The 24-bit Program Counter provides a memory 
addressing range of more than 16 mega-bytes (actu¬ 
ally 16,777,216 bytes). This large range of addressing 
capability, coupled with a Memory Management 
Unit, allows large, modular programs to be de¬ 
veloped and operated without resorting to cumber¬ 
some and time consuming software bookkeeping 
and paging techniques. 




Status Register Direct 
ABSOLUTE DATA ADDRESSING 

A. Absolute Short EA = (Next Word) 

B. Absolute Long EA = (Next two Words) 

PROGRAM COUNTER RELATIVE ADDRESSING 

Relative with Offset EA = (PC) + D« 

Relative with Index & Offset EA = (PC) + (Rx) + D 8 


The Status Register (Figure 3) contains the Interrupt 
Level Mask (8 levels available) as well as the Condi¬ 
tion Code; Overflow (V), Zero (Z), Negative (N), Carry 
(C), and Extend (X). Additional status bits indicate 
that the processor is in a TRACE (T) mode or in a 
SUPERVISORY (S) state . Ample space remains in the 
Status Register for future extensions of the M68000 
family. 

Six basic data types are supported. These data 
types are: 

• Bits • Bytes (8-bits) 

• BCD digits • Words (16-bits) 

• ASCII characters • Long words (32-bits) 

In addition operations on other data types such as 
memory addresses, status word data, etc. are pro¬ 
vided for in the instruction set. 
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The 14 flexible addressing modes, shown in Table I, 
include five basic types: 

' • Register Direct • Immediate 

• Register Indirect | 

• Absolute • Program Counter Relative 

Included in the addressing modes is the capability to 
do Post-incrementing, Pre-decrementing, Offsetting 
and Indexing. 

THE INSTRUCTION SET 

The MC68000 instruction set is rich and full as evi¬ 
denced by the 61 distinct types shown in Table II. 
Special emphasis during the design has been given 
to the instruction set's support of structured high level 
languages that facilitate ease of programming. Each 
instruction, with few exceptions, operates on bytes, 
words, and long words and most instructions can use 
any of the 14 addressing modes. Combining instruc¬ 
tion types, data types, and addressing modes, over 
1000 useful instructions are provided. These instruc¬ 
tions include signed and unsigned multiply and di¬ 
vide, "quick" arithmetic operations, BCD arithmetic 
and extended operations (through traps). The pro¬ 
cessor offers the most comprehensive and flexible 
instruction set of any microprocessor of any class, 
available today. Additionally, it's highly orthogonal, 
proprietary microcoded structure provides a sound 
flexible base for the future. 

REDUCED SOFTWARE COST AND RISK 

Advances in VLSI semiconductor technology have 
resulted in a significant reduction in the cost of com¬ 
puter hardware in recent years. The MC68000 micro¬ 
processor, for example, provides in a single inte¬ 
grated circuit package computing power that just a 
decade ago would have been three or four orders of 
magnitude more expensive. Software costs during 
this same period of time have, as a percentage of total 
system cost, increased significantly. This has been 
due primarily to inflation and the labor intensive na¬ 
ture of programming. Without significant architec¬ 
tural advances in computers, this trend can do noth¬ 
ing but continue. One of Motorola s major goals in 
developing this new microprocessor has been to re¬ 
duce the costs of software. Many innovative features 
have been incorporated to make programming 
easier, faster and more reliable. 

An Orthogonal 16-BIT MPU — The highly orthogonal 
or regular structure of the MC68000 microprocessor 
greatly simplifies the effort required to write pro¬ 
grams in Assembly Language as well as in High 
Level Languages. Operations on integer data in reg¬ 
isters and memory are independent of the data itself. 
Separate special instructions that operate on byte 
(8-bit), word (16-bit) and long-word (32-bit) integers 
are not necessary. The programmer merely has to 


remember one mnemonic for each type of operation 
and then specify data size, source addressing mode 
and destination addressing mode. This has helped 
keep the total number of instruction mnemonics for 
the M68000 to an easily remembered, yet complete, 
61 types, eleven fewer than on Motorola's MC6800. 

The dual operand nature of many of the instruc¬ 
tions significantly increases the flexibility and power 
of this new Motorola microprocessor. Consistency 
again is maintained since all data registers and 
memory locations may be either a source or destina¬ 
tion for most operation* on Integer data. 
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The addressing modes have been kept simple 
without sacnlicing efficiency. All fourteen addressing 
modes operate consistently and are independent of 
the instruction operation itself. Additionally, all ad¬ 
dress registers may be used for the Direct, Register 
Indirect and Indexed addressing modes. (Immediate, 
Program Counter Relative and Absolute addressing 
by definition do not use address registers). For in¬ 
creased flexibility, any data register — as well as any 
address register—may be used as an Index Register. 
Address register consistency is maintained for stack¬ 
ing operations since any of the eight address regis¬ 
ters may be utilized as User Program Stack pointers 
with the Register Indirect Post-increment/Pre- 
decrement addressing modes. Register A7, however, 
is a special register that, fn addition to its normal 
addressing capability, functions as the System Stack 
Pointer when stacking the Program Counter and 
Status Register for subroutine calls, traps and inter¬ 
rupts; while in the supervisory mode. 

Structured Modular Programming — The art of pro¬ 
gramming microprocessors has evolved rapidly in 
the past few years. Numerous advanced techniques 
have been developed to allow easier, more consis¬ 
tent and reliable generation of software. In general, 
these techniques require that the programmer be 
more disciplined in observing a defined pro¬ 
gramming structure such as modular programming. 
Modular programming allows a required function or 
process to be broken down in short modules or sub¬ 
routines that are concisely defined and easily pro¬ 
grammed and tested. Such a technique is greatly 
simplified by the availability of advanced macro as¬ 
semblers and block structured High Level Languages 
such as PASCAL. Such concepts are virtually use¬ 
less, however, unless parameters are easily trans¬ 
ferred between and within software modules that 
operate on a reentrant and recursive basis. (To be 
reentrant a routine must be usable by interrupt and 
non-interrupt driven programs without the loss of 
data. A recursive routine is one that may call or use 
itself). The MC68000 microprocessor provides the 
necessary architectural features to allow efficient 
reentrant modular programming. The "LINK" and 
"UNLINK" instructions reduce subroutine call over¬ 
head in two complementary instructions by allowing 
the manipulation of linked lists of data areas on the 
stack. The "STM" (Store Multiple Registers) and 
”LDM" (Load Multiple Registers) instructions also re¬ 
duce subroutine call programming overhead. These 
allow the loading or storing, via an effective address, 
multiple registers that are specified by the program¬ 
mer. Sixteen software trap vectors are provided with 
the "TRAP" instruction and are useful in operating 
system call routines or user generated "macro 
routines." Other instructions that support modern 
structured programming techniques are PEA (Push 
Effective Address), LEA (Load Effective Address), 


RTR (Return to Restore) as well as the normal ISR, 
BSR and RTS. 

Of course, the powerful vectored priority interrupt 
structure of the microprocessor allows straight¬ 
forward generation of reentrant modular Input/ 
Output routines. Eight maskable levels of priority 
with 192 vector locations provide maximum flexibility 
for I/O control. (A total of 256 vector locations are 
available for interrupts, hardware traps, and 
software traps.) 

Improved Software Testability — One of the major 
tasks the system programmer encounters when writ¬ 
ing software for microcomputers is the detection and 
correction of errors, or "debugging." The time taken 
to "debug" software nearly always exceeds the time it 
takes to write the software. In practice, the old 20/80 
rule often applies: "The last 20% of the job requires 
80% of the effort." The microprocessor incorporates 
several features that reduce the chance for errors. 
These features, such as Orthogonality and the Struc¬ 
tured Modular Programming capability, have al¬ 
ready been discussed. 

Of major importance to the systems programmer 
are features that have been incorporated specifically 
to detect the occurrence of programming errors or 
"bugs." Several hardware traps, provided to indicate 
abnormal internal conditions of the MC68000 proces¬ 
sor, detect the following error conditions: 

Word access with an odd address 
Illegal instructions 
Unimplemented instructions 
Illegal addressing mode 
Illegal Memory access (bus error) 

Overflow on divide (divide by zero) 

Overflow condition code (separate instruction 
TRAPV) 

Additionally, the sixteen software TRAP instructions 
may be utilized by the programmer to provide appli¬ 
cations oriented error detection or correction 
routines. 

An additional error detection tool is the CHK 
(Check Register Against Bounds) instruction used for 
array bound checking by verifying that 0 s (REG) < 
LIMIT. A trap occurs if the register contents are nega¬ 
tive or greater than the limit. 

Finally, the MC68000 includes a facility that allows 
instruction-by-instruction tracing of a program being 
debugged. This TRACE MODE results in a trap being 
made to a tracing routine after each instruction 
execution. The TRACE MODE is available to the 
programmer when the microprocessor is in the 
SUPERVISORY state as well as the USER state, but 
may only be entered while in the supervisory state. 
The SUPEHVISORY/USER states provide an addi¬ 
tional degree of error protection for the micro¬ 
processor by providing memory protection of 
selected areas of memory when an external memory 
management device is used. 
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FUTURE FLEXIBILITY 

Microprocessor VLSI circuit technology is advanc¬ 
ing at an ever increasing rate. For example, the 
Motorola MC6800 — originally introduced in 1974 — 
has evolved into a number of more advanced prod¬ 
ucts. This evolution has been along two paths: in¬ 
creased functionality, with the MC6802 and MC6801 
microcomputers, and increased performance with 
the MC68A00, MC68B00 and MC6809 microproces¬ 
sors. (Figure 4). The sound, well planned, architec¬ 
tural base provided by the original MC6800 made it 
possible to develop these improved products while 
taking full advantage of the major speed and density 
enhancements to NMOS VLSI. This was ac¬ 
complished while maintaining an unprecedented 
degree of compatibility and consistency with the orig¬ 
inal MC6800 MPU. 

Similarly, a major consideration in the develop¬ 
ment of the MC68000 microprocessor has been to 
provide a good, solid, but flexible, base for future 
extensibility. Several architectural concepts have 
been incorporated that will allow this advanced 
product to be enhanced as semiconductor technolog¬ 
ical advances are made. For example, the highly 
orthogonal structure of the CPU allows operations on 
8-bit, 16-bit and 32-bit integers without the need for 
concatenation of registers or multiplexing of internal 
data buses. This regular structure of the CPU lends 
itself to a more consistent, reliable design that can be 
easily expanded. 

The MC68000 incorporates a proprietary multi¬ 
level micro-programmed structure that allows sig¬ 
nificant versatility in the implementation of instruc¬ 
tions. In fact, more than one-eighth of the instruction 
op-code map has been set aside specifically for im¬ 
plementation of future instructions. In the interim, 


umt implementation of instructions not currently in 

the instruction set is possible through the use of the 

TRAP instruction, as well as the hardware trap 
structure. 


MEMORY MANAGEMENT OF 
LARGE ADDRESSING SPACE 

The ever-decreasing costs of semiconductor 
memories in combination with the use of high level 
languages and sophisticated disc operating systems 
allow Motorola's new generation of high perfor¬ 
mance microprocessors to be used in complex, mem¬ 
ory intensive applications. In order to meet the needs 
of such applications, the MC68000 is capable of di¬ 
rectly addressing more than 16 mega-bytes of mem¬ 
ory. This large address space is directly accessed and 
managed very efficiently on a word or byte basis 
since operand size is specified by the instruction. The 
use of Upper Data Strobe (UDS) and Lower Data 
Strobe (LDS) signals allows easy access to high order 
bytes, low order bytes, or words. 

Several additional useful features are provided 
that allow the programmer to efficiently manage 
memory usage. Powerful memory addressing modes 
such as Register Indirect, Indexed, Short and Long 
Absolute, and Program Counter Relative allow 
well-ordered access to specific memory locations. 
These addressing modes allow easy address calcula¬ 
tions (Register Indirect and Indexed), direct access to 
memory location (Short and Long Absolute) and posi¬ 
tion independent or relocatable coding (Program 
Counter Relative). Of course, the Pre-decrement/ 
Post-increment Register Indirect Addressing modes 
also allow efficient management of data in memory 
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by permitting the programmer to generate as many 
as eight concurrent stacks or queues. Another feature 
that allows the programmer to manage the use of 
memory is the CHK (Check Register Against Bounds) 
Instruction. This instruction permits the software 
implementation of a basic memory protection/ 
management structure. 

Still another significant feature provided in. the 
MC68000 microprocessor is the distinction between a 
USER and a SUPERVISOR mode. The SUPERVISOR 
mode permits certain protected operations within the 
processor system. Of particular interest is that an 
external Memory Management Controller may be 
used when the processor is in the USER mode to 
manage the large address space for the program¬ 
mer. The controller's memory management opera¬ 
tions are transparent to the programmer when in the 
USER mode and can be changed or updated only in 
the SUPERVISOR mode. The Memory Management 
Controller provides both management of a variable 
number of variable size segments (Memory Segmen¬ 
tation) and dynamic management of multi-task 
memory relocation and protection. The Memory 
Management Controller regulates access to storage 
segments that are dedicated to read only data, 
read/write data, program code and protected data/ 


REDUCED CODE DENSITY 
AND IMPROVED SPEED 

With the advent of low cost, very high density VLSI 
RAMS and ROMS, it might incorrectly be assumed 
that the number of bytes of code needed to execute a 
given program is no longer important. Code density, 
however, is very critical, since microprocessor speed 
is highly dependent upon the number of executed 
instruction words. During the early development of 
Motorola's MC68000 microprocessor, extensive 
studies were made of the use of instructions and 
Sequences of instructions in many microprocessor 
applications. These studies identified not only stati¬ 
cally frequent instructions but also dynamically fre¬ 
quent instructions. (The dynamic frequency of in¬ 
structions is a measure of how often an instruction is 
executed while static frequency is a measure of how 
often it occurs in a program listing or is encountered 
by an assembler). The major contributer to the in¬ 


creased efficiency, as a result of the studies, is the 
highly regular or orthogonal structure of the architec¬ 
ture. The consistency of the architecture, instruction 
set, and addressing modes significantly reduces the 
number of instructions needed to accomplish a given 
task. Additionally, many instructions have been in¬ 
cluded to specifically improve code density and 
speed. For example, single word Add and Subtract 
instructions using Quick Immediate addressing allow 
fast, small value arithmetic operations on data regis¬ 
ters and memory. A Load Quick Immediate (LDQ) 
provides the ability to load a small (8-bit) signed word 
into any register in a single word operation. In order 
to improve the speed of loop operations, a single 
word instruction for Decrement Count by One and 
Branch if non-zero (DCNT) is included. Of course, the 
TRAP, Store Multiple Registers (STM), Load Multiple 
Registers (LDM), Link Stack (LINK), Unlink Stack 
(UNLK) and Check Limit (CHK) instructions signifi¬ 
cantly reduce code requirements for subroutines, 
operating system calls and stacking operations. 

Other instructions that help reduce coding re¬ 
quirements and improve performance of arithmetic 
operations are Signed and Unsigned Multiply (MULS 
and MULU), Signed and Unsigned Divide (DIVS and 
DIVU), BCD Arithmetic (ABCD, SBCD, PACK and 
UNPK) as well as the standard binary integer opera¬ 
tions. In order to improve the efficiency of moving or 
transferring data, a powerful MOVE data instruction 
has been incorporated that allows the transfer of 
bytes, words and long words and operates in all 
data addressing modes. Thus; register-to-register, 
register-to-memory, memory-to-register and 
memory-to-memory transfers are permitted. 

In addition to the powerful instructions that provide 
a substantial improvement in processor through-put, 
numerous architectural features significantly reduce 
the execution times for all instructions. The separate 
(non-multiplexed) address and data buses, instruc¬ 
tion pre-fetch pipeline and 32-bit internal registers 
are major contributors to the processor's unequaled 
performance. As an example of the performance 
capability of the MC68000 Table III and the accom¬ 
panying graphs in figures 5 and 6 summarize the 
execution times for a number of common instructions. 
For comparison purposes, similar information is pro¬ 
vided for Zilog's Z-8000 microprocessor. It is interest¬ 
ing to note that the MC68000 has significantly faster 
execution times. 
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Figure 7: Example of MC68000 Interface Connections for MC6821 Peripheral Interface Adapter 


SOFTWARE SUPPORT AND 
MC6800 COMPATIBILITY 

The system designers and programmers using the 
MC68000 in an application have available a com¬ 
plete, compatible system of hardware and software. 
The microprocessor is supported by a full range of 
software development tools including disc operating 
systems, debug aids, assemblers, and high level 
languages. In addition, a translator will allow the 
present M6800 Family user to convert existing pro¬ 
grams to run on the MC68000 with a minimum of 
programmer intervention. 

The careful planning of this new microprocessor 
provides a superset of the MC6800 instruction set en¬ 
hanced by the addition of more and larger registers, 
powerful orthogonal structure and many flexible ad¬ 
dressing modes. This allows efficient translation of 
existing MC6800 programs, which can then be 
further optimized by taking full advantage of the ver¬ 
satile and powerful features of the MC68000. 

This careful planning of similarities between the 


MC68000 and the MC6800 does not stop at software 
compatibility (by translation) but also extends to 
peripheral controller interfacing. Motorola's exten¬ 
sive line of intelligent M6800 family peripherals 
(including the MC6854 Advanced Data Link Con¬ 
troller and the MC68488 General Purpose Interface 
Adapter) can be directly and easily interfaced to the 
MC68000. Three signal lines; Enable (E), Valid Mem¬ 
ory Address (VMA), and Valid Peripheral Address 
(VPA) are provided to simplify the interface to 
Motorola's standard MC6800 peripherals as shown in 
Figure 7. Interface to the new MC6801E (Single Chip 
Programmable Controller) is also possible, allowing 
user implementation of specialized input/output func¬ 
tions. In addition, the MC68000 is supported by 
unique peripheral controllers expected of an ad¬ 
vanced architecture microprocessor, including a 
DMA Controller and a Memory Management Unit. 

The MC68000 is not just a component. By a unique 
blend of VLSI design, software engineering and care¬ 
ful planning, the MC68000 it is Motorola's Advanced 
Computer System on Silicon. 
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(M) MOTOROLA 

MC14500B 

INDUSTRIAL CONTROL UNIT 

The MC14500B Industrial Control Unit (ICU) is a single bit 

CMOS processor. The ICU is designed for use in systems requiring 
decisions based on successive single bit information. An external 

ROM stores the control program. With a program counter (and 
output latches and input multiplexers, if required) the ICU in a 
system forms a stored program controller that replaces combinatorial 
logic. Applications include relay logic processing, serial data mani¬ 
pulation and control. The ICU also may control an MPU or be 
controlled by an MPU. 

• 16 Instructions 

• DC to 1.0 MHz Operational Vqd “ 5 V 

• On Chip Clock (Oscillator) 

• Executes One Instruction per Clock Cycle 

• 3 V to 18 V Operation 

• Noise Immunity Typically 45% of V DD 

• Quiescent Current 5.0 pAdc Typical at Vqd = 5 V 

• Capable of Driving One Low-Power Schottky Load or Two Low- 
Power TTL Loads over Full Temperature Range 

CMOS LSI 

(LOW-POWER COMPLEMENTARY MOS) 

INDUSTRIAL CONTROL UNIT 

L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 

ORDERING INFORMATION 

Detailed operation and applications are given in the "MC14500B 
Industrial Control Unit" handbook. 
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FIGURE 2 - OUTLINE OF A TYPICAL ORGANIZATION FOR A MC14500B BASED SYSTEM 


tion" period, during which the processor performs the com¬ 
mand latched in its IR. During the execution period of an 
output instruction, the MC14500B puts the data in the Result 
Register (RR) onto the data line and raises the Write 
control line. The data must then be latched by the output 
circuitry at the end of the execution period of a machine 
cycle; i.e. on the rising edge of the (Clk) signal. 

During the execution period of input or logical commands. 
the data present on the data line at the time the Clk signal is 
low is accepted by the ICU; the logic operation is then 
performed and the result is clocked into the Result Register 
on the rising edge of the clock (Clk) signal. This “split 
cycle" architecture makes it possible to “interleave" in¬ 
structions and operands addressed in memory, the advantage 
being that the address lines of the I/O ports can share the 
ICU's instruction lines, forming a common bus. 


The System 

Figure 2 shows a block diagram of a minimal MC14500B 
system configured with standard B series logic parts. The 
blocks of the system are: 

The MCI4500B — which serves as the central controller 
of the system; 

The ROM — which holds the instructions and the operand 
addresses; 

The program counter — used to step the machine through 
the sequence of instructions stored in memory; 

The input selector (demultiplexer) — used to route the 
addressed input to the MCI4500B's one-bit bidirectional 

The output latches — which receive data placed on the 
1-bit bidirectional bus by the MC14500B when an output 
instruction is executed. 

The system can easily be expanded in terms of I/O, so long 
as the memory is sufficiently wide to address the I/O struc- 


A CMOS PLC 

MC14500B Industrial Control Unit is essentially the 
monolithic embodiment of the Programmable Logic Control¬ 
lers (PLC) central architecture. Its Logic Unit (LU) is capa¬ 
ble of doing a number of different Boolean functions under 
the control of instructions latched into the Instruction Regis¬ 
ter. The LU has two inputs: Data from the “Outside World” 
and the output of a Result Register. 

The output of the LU is latched into the Result Register, 
where the new result will serve as one of the LU inputs on the 
next instruction. In general: 
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RR~» = f (data, RRow). 

After calculating a Boolean equation, the state of the Result 
Register or its complement is stored in an output latch to 
activate or deactivate load devices. 

Looping Control Structure 

A typical problem example is illustrated in Figure 3. The 
solution shown illustrates a looping control structure. Here, 
it is seen that the MC14500B continuously samples its inputs 
and, based on that information, transfers a logic signal to 
activate or deactivate the load device. 

The ICU does not alter the sequential operation of the 
program counter. It sequentially fetches instructions from 
memory and when the program counter reaches its highest 
value it "wraps around," and the entire program is repeated, 
effecting what is known as a “looping control structure." 

Time Invariant Software 

What is important beyond the concept of a “looping con¬ 
trol structure” is the fact that the ICU can effect a “condi¬ 
tional jump" without parallel loading the program counter 
with the Jump address. The concept is that code requiring 
conditional branching can be written even though all code is 
fetched from memory sequentially. To accomplish this an 
output mask is used in the MC14500B. The Output Enabling 
Register — OEN, may be set or reset with the result of an 
evaluated logic equation. If the mask is reset, the Write 
strobe is inhibited and no change can be made in the state of 
the output devices. The processor can therefore use its logic 
power to tum off or on whole blocks of instructions. This 
leads to a looping control structure in which the same sequ¬ 
ence of commands are encountered with certain blocks of 
code being selectively enabled or disabled. 

Figure 4 shows a flow chart and program solution of a 
typical problem. In this example, the ICU uses its OEN mask 
to effect a “pseudo” branch. It first resolves the question 
asked in the decisions block (statements 1, 2, and 3), then 


stores the result (1 = true, 0 = false) in a temporary storage 
location called (Flag). Next, the ICU loads its output mask 
with the result of the decision block (statement 5); if the OEN 
mask was set true, the following two output instructions 
(statement 6 and 7) would be “active" and the right branch 
of the decision block would be executed. If the mask was 
loaded with a zero, statements 6 and 8 would not change the 
state of the X and Y outputs effecting the Pseudo branch. If 
the mask was indeed loaded with a zero, this would mean the 
left branch of the decision block is to be executed. To do this 
the ICU loads the logical complement of Flag into the output 
mask (statements 8 and 9). Then if Flag was originally false 
(i.e. A • B • C = 0), the instructions following statement 9 
will be active and statement 10 and 11 will create the pulse to 
be sent to output Z. Statements 12 and 13 force the output 
mask to the 1 state so that future blocks of code will not 
inadvertently be turned off. 

One of the disadvantages of the conventional conditional 
jumps as a means of making decisions is that the execution 
tjme of the program varies with the state of the input signals. 
A looping program is inherently time invariant. This allows 
for synchronization with other systems and other advantages 
such as stable sync pulses for trouble shooting. In the real- 
world environment of framing people and maintaining pro¬ 
ducts, this can be worth a great deal. 


Adding a Conventional Control Structure 

In some control applications it may be advantageous to 
have a control structure like that of a conventional processor, 
rather than a looping control structure. This situation may 
occur when the system becomes large and timing is critical. 
Having the capability to call subroutines also helps to mod¬ 
ularize the software. An MC14500B system can be easily 
modified to incorporate a jumping, conditional branching, 
and subroutine capability. 
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LOGIC BLOCK DIAGRAM 



The MC141000/1200 ROM program controls data 
input, storage, processing, and output. The processing 
of data occurs in the arithmetic logic unit (ALU). K input 
data enters the ALU and is stored in the 4-bit accumulator. 
The accumulator output accesses the output latches, the 
RAM storage cells, and the adder input. Data is stored 
in the 256-bit RAM, organized into 64 words, 4 bits 
per word. The 4-bit words are grouped into four 16-word 
files addressed by a 2-bit X register. A 4-bit Y register 
addresses one of the 16 words in a file by control signals 
from the ROM. 

The 43 basic instructions handle I/O, constant data 


metic processsing, logic comparison, conditional and 
nonconditional branching and subroutines. 

The designer has access for programming the following 


1) ROM - 1024 words of 8 bits 

2) Program Logic Array for 0 outputs 

3) Output circuits 


PROGRAMMABLE ROM 

The 1024 words of the 8-bit ROM are divided into 16 
pages of instructions with 64 instructions on each page. 
The program starts at the top of the sixteenth page. 
A binary program counter sequentially addresses each 
ROM instruction on a page. One level of subroutine return 

the current address for one of the 16 ROM pages. To 
change pages, a constant from the ROM loads into the 
page buffer register (4 bits), and upon a branch or call, 
the page buffer loads into the page address register. 
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MC2901A 


FOUR-BIT BIPOLAR MICROPROCESSOR SLICE 

The four-bit bipolar microprocessor slice is designed, as a high-speed 
cascadable element intended for use in CPUs, peripheral controllers, 
programmable microprocessors, and numerous other applications. The 
microinstruction flexibility of the MC2901A will allow efficient emula¬ 
tion of almost any digital computing machine. 

The device, as shown in the block diagram below, consists of a 
sixteen-word by four-bit, two-port RAM; a high-speed ALU; and, the 
associated shifting, decoding, and multiplexing circuitry. The 9-bit 
microinstruction word is organized into three groups of three bits each 


TTL 

FOUR-BIT BIPOLAR 
MICROPROCESSOR SLICE 




5-2 

































































5-12 































5-16 










































MC2903 


ARCHITECTURE OF THE MC2903 

The MC2903 is a high performance, cascadable, 4-bit 
bipolar microprocessor slice designed for use in CPUs, 
peripheral controllers, microprogrammable machines, 
and numerous other applications. The microinstruction 
flexibility of the MC2903 allows the efficient emulation 
of almost any digital computing machine. The 9-bit 
microinstruction selects the ALU sources, function, and 
destination. The MC2903 is cascadable with full look¬ 
ahead or ripple carry, has three-state outputs, and 
provides various ALU status flag outputs. Advanced low- 
power Schottky processing is used to fabricate this 
48-pin LSI circuit. 

All data paths within the device are four bits wide. 
As shown in the block diagram, the device consists of 
a 16-word by 4-bit, two-port RAM with latches on both 
output ports, a high-performance ALU and shifter, 
a multipurpose Q Register with shifter input, and a 9-bit 
instruction decoder. 

Two-Port RAM 

Any two RAM words addressed at the A and B address 
ports can be read simultaneously at the respective RAM A 
and B output ports. Identical data appear at the two 
output ports when the same address is applied to both 
address ports. The latches at the RAM output ports are 
transparent when the clock input, CP, is High and. they 
hold the RAM output data when CP is Low. Under 
control of the OEb three-state output enable, RAM data 
can be read directly at the MC2903 DB I/O port. 

External data at the MC2903 Y I/O port can be written 
directly into the RAM, or ALU shifter output data can be 
enabled onto the Y I/O port and entered into the RAM. 
Data is written into the RAM at the B address when the 
write enable input, WE, is Low and the clock input, CP, is 
Low. 

Arithmetic Logic Unit 

The MC2903 high performance ALU can perform 
seven arithmetic and nine logic operations on two 4-bit 
operands. Multiplexers at the ALU inputs provide the 
capability to select various pairs of ALU source operands. 
The Ea input selects either the DA external data input or 
RAM output port A for use as one ALU operand and the 
OEb and 10 inputs select RAM output port 8, DB ex¬ 
ternal data input, or the Q Register content for use 
as the second ALU operand. Also, during some ALU 

Thus, the MC2903 ALU can operate on data from two 
external sources, from an internal and external source, 
or from two internal sources. Table 1 shows all possible 
pairs of ALU source operands as a function of the Ea, 
OEb, and 10 inputs. 


When instruction bits 14,13,12, XI, and 10 are Low, the 
MC2903 executes special functions. Table 4 defines these 
special functions and the operation which the ALU 
performs for each. When the MC2903 executes instruc¬ 
tions other than the nine special functions, the ALU 
operation is determined by instruction bits 14, 13. 12, 
and II. Table 2 defines the ALU operation as a function 


TABLE 1 - ALU OPERAND SOURCES 


EZ 

10 

on 

ALU Operand R 

ALU Operand B 


L 


RAM Output A 

RAM Output B 

L 

L 

H 

RAM Output A 

DBq-3 

L 

H 

X 

RAM Output A 

Q Register 

H 

L 

L 

0*0-3 

RAM Output B 

H 

L 

H 

DA 0 3 

DB 0 -3 

H 

H 

* 

DAq 3 

Q Register 



MC2903S may be cascaded in either a ripple carry or 
lookahead carry fashion. When a number of MC2903s 
are cascaded, each slice must be programmed to be 
a most significant slice (MSS), intermediate slice (IS), or 
least significant slice (LSS) of the array. The carry 
generate, G, and carry propagate, P, signals required for 
a lookahead carry scheme are generated by the MC2903 

intermediate slices. 

The MC2903 also generates a carry-out signal, C n +4, 
which is generally available as an output of each slice. 
Both the carry-in, C n , and carry-out, C n +4, signals are 
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active High. The ALU generates two other status outputs. 
These are negative, N, and overflow, OVR. The N output 
is generally the most significant (sign) bit of the ALU 
output and can be used to determine positive or negative 
results. The OVR output indicates that the arithmetic 
operation being performed exceeds the available two's 
complement number range. The N and OVR signals are 
available’as outputs of the most significant slice. Thus, the 
multipurpose G/N and P/OVR outputs indicate G and P 
at the least significant and intermediate slices, and sign 
and overflow at the most significant slice. To some extent, 
the meaning of the C n +4, P/OVR, and G/N signals vary 
with the ALU function being performed. Refer to Table 5 
for an exact definition of these four signals as a function 
of the MC2903 instruction. 

ALU Shifter 

Under instruction control, the ALU shifter passes the 
ALU output (F) non-shifted, shifts it up one bit position 
(2F), or shifts it down one bit position (F/2). Both 
arithmetic and logical shift operations are possible. 
An arithmetic shift operation shifts data around the most 
significant (sign) bit position of the most significant slice, 
and a logical shift operation shifts data through this bit 
position (see Figure A). SlOo and SIO3 are bidirectional 
serial shift inputs/outputs. During a shift-up operation, 
SlOo is generally a serial shift input and SIO3 a serial 
shift output. During a shift-down operation, SIO3 is 
generally a serial shift input and SlOg a serial shift output. 

To some extent, the meaning of the SlOo a™* SIO3 
signals is instruction dependent. Refer to Tables 3 and 4 
for an exact definiction of these pins. 



The ALU shifter also provides the capability to sign 
extend at slice boundaries. Under instruction control, 
the SlOo (sign) input can be extended through YO. 
Y1, Y2, Y3, and propagated to the SIO3 output. 

A cascadable, 5-bit parity generator/checker is 
designed into the MC2903 ALU shifter and provides ALU 
error detection capability. Parity for the FO, FI, F2, 
F3 ALU outputs and SIO3 input is generated and, under 
instruction control, is made available at the SlOo output. 
Refer to the MC2903 applications section for a more 
detailed description of the MC2903 sign extension and 
parity generation/checking capability. 

The instruction inputs determine the ALU shifter 
operation. Table 4 defines the special functions and the 
operation the ALU shifter performs for each. When the 
MC2903 executes instructions other than the nine special 
functions, the ALU shifter operation is determined by 
instruction bits 18, 17, 16, 15. Table 3 defines the ALU 
shifter operations as a function of these four bits. 

The Q Register is an auxiliary 4-bit register which is 
clocked on the Low-to-High transition of the CP input. 
It is intended primarily for use in multiplication and 
division operations; however, it can also be used as an 
accumulator or holding register for some applications. 
The ALU output, F, can be loaded into the Q Register, 
and/or the Q Register can be selected as the source for 
the ALU S operand. The shifter at the input to the Q 
Register provides the capability to shift the Q Register 
contents up one bit position (2Q) or down one bit posi¬ 
tion (Q/2). Only logical shifts are performed. QlOo and 
QIO3 are bidirectional shift serial inputs/outputs. During 
a Q Register shift-up operation, QlOo is a serial shift input 
and QIO3 is a serial shift output. During a shift-down 
operation, QIO3 is a serial shift inputs and QlOo is 
a serial shift ouptut. 

Double-length arithmetic and logical shifting capability 
is provided by the MC2903. The double-length shift 
is performed by connecting QIO3 of the most significant 
slice to SlOo the least significant slice, and executing 
an instruction which shifts both the ALU output and 

The Q Register and shifter are controlled by the 
instruction inputs. Table 4 defines the MC2903 special 
functions and the operations which the Q Register and 
shifter perform for each. When the MC2903 executes 
instructions other than the nine special functions, the 
Q Register and shifter operation is controlled by instruc¬ 
tion bits 18,17,16,15. Table 3 defines the Q Register and 
shifter operation as a function of these four bits. 
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TABLE 3 - ALU DESTINATION CONTROL FOR ID OR II OR 12 OR □ OR 14 - High. IEN - Low 


18 17 IB 15 


ALU Shifter 

s.o 3 

Y3 

Y2 



SIOq 



QIO3 


Most 

Sifl. 

Other 

Slices 

Sig. 

Other 

Most 

Sig. 


L L L L 

0 

Arith F/2 - Y 

Input 

Input 

F3 

SlO-t 

SIO3 


F2 

FI 

FO 

L 

Hold 

Hi-Z 


L L L H 

1 

Log F/2 - Y 

Input 

Input 

SIO3 

SI03 

F3 


F2 

FI 

FO 

L 

Hold 

Hi-Z 

Hi-Z 

L L H L 

2 

Arith F/2 - Y 

Input 

Input 

F3 

SI0 3 

S103 

F3 

F2 

FI 

FO 

L 

Log Q/2 - Q 

Input 

QO 

L L H H 

3 

Log F/2 - Y 

Input 

Input 

SIO3 

SI0 3 

F3 

F3 

F2 

FI 

FO 

L 

Log Q/2 — Q 

Input 

00 

L H L L 

4 

F- Y 

Input 

Input 

F3 

F3 

F2 

F2 

FI 

FO 

Parity 

L 

Hold 


Hi-Z 

L H L H 

5 

F-Y 

Input 

Input 

F3 

F3 

F2 

F2 

FI 

FO 

Parity 

H 

Log Q/2 - Q 

Input 

QO 

L H H L 

6 

F-Y 

Input 

Input 

F3 

F3 

F2 

F2 

FI 

FO 

Parity 

H 

F-Q 

Hi-Z 

Hi-Z 

L H H H 

7 

F-Y 

Input 

Input 

F3 

F3 

F2 

F2 

FI 

FO 

Parity 

L 

F-Q 

Hi-Z 

Hi-Z 

H L L L 

8 

Arith 2F - Y 

F2 

F3 

F3 

F2 

FI 


FO 

SIO 0 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H L L H 

9 

Log 2F - Y 

F3 

F3 

F2 

F2 

FI 


FO 

SIOq 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H L H L 

A 

Arith 2F - Y 

F2 

F3 

F3 

F2 

FI 


FO 

SIOq 

Input 

L 

Log 2Q — Q 

Q3 

Input 

H L H H 

B 

Log 2F - Y 

F3 

F3 

F2 

F2 

FI 

FI 

FO 

SIOq 

Input 

L 

Log 2Q - Q 

Q3 

Input 

H H L L 

C 

F-Y 

F3 

F3 

F3 

F3 

F2 

F2 

FI 

FO 

Hi-Z 

H 

Hold 

Hi-Z 

Hi-Z 

H H L H 

D 

F-Y 

F3 

F3 

F3 

F3 

F2 

F2 

FI 

FO 

Hi-Z 

H 

Log 2Q - Q 

Q3 

Input 

H H H L 

E 

SIOq-YO.Y1.Y2.Y3 

SI0 0 

SI0 0 

SIO 0 

SIOq 

SIO 0 

SIO 0 

SIOq 

SIOq 

Input 

L 

Hold 

Hi-Z 

Hi-Z 

H H H H 

F 

F-Y 

F3 

F3 

F3 

F3 

F2 

F2 

FI 

FO 

Hi-Z 

L 

Hold 

Hi-Z 

Hi-Z 


Parity - F3 V F2 V FI V FO VSIO3 
V - Exclusive OR 


H - High Hi-Z - High Impedance 



The DB and Y ports are bidirectional I/O ports driven 
by three-state output buffers with external output enable 
contr ols. The Y output buffers are enabled when the 
OEy input is Low and are in the high-impedance state 
when OEy is High. Lik ewise, the DB output buffers are 
enabled when the O Eg in put is Low and in the high- 
impedance state when OEg is High. 

The zero, Z, pin is an open collector input/output that 
can be wire-ORed between slices. As an output it can be 
used as a zero detect status flag and generally indicates 
that the YO-3 pins are all Low, whether they are driven 
from teh Y output buffers or from an external source 
connected to the YO-3 pins. To some extent the meaning 
of this signal varies with the instruction being performed. 
Refer to Table 5 for an exact definition of this signal 
as a function of the MC2903 instruction. 


Instruction Decoder 

The Instruction Decoder generates required internal 
control signals as a function of the nine instruction 
inputs. ID-8: the Instruc tion Enable input, IEN, the LSS 
input, and the Write/MSS input/output. 


The Write output is Low when an instruction which 
writes data into the RAM is being e xecute d. Refer to 
Tables 3 and 4 for a definition of the Write output as a 
function of th e MC2903 instruction inputs. 

When IEN is High, the Write output is forced High 
and the Q Register an d Sig n Compare Fli p-Flo p contents 
are preserved. When IEN is Low, the Write output is 
enabled and the Q Register and Sign Compare Flip-Flop 
can be written according to the MC2903 instruction. The 
Sign Compare Flip-Flop is an on-chip flip-flop which is 
used during an MC2903 divide operation (see Figure B). 

Programming the 
MC2903 SliceJ’osition 

Tying the LSS input Low programs the slice to o perate 
as a least signficant sli ce (LSS) and enables the Write 
output signal onto the Write /MSS bidirectional I/O pin. 
When LSS is tied Hi gh, th e Write/MSS pin becomes an 
input pin; tying the Write/MSS pin High programs the 
slice to operate as an intermediate slice (IS) and tying 
it Low programs the slice to operate as a most significant 
slice (MSS). 
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TABLE 4. SPECIAL FUNCTIONS: IO-H-E-D-H - Low. IEN - Low 


IB 17 IB 15 




ALU Shifter 

SIO 


SIO 0 





Sig. 

Other 

Slices 

L L L L 

° 

Unsigned Multiply 

F r r + S.+Cn ilZ = H 

Log F/2 -• Y 

H.-Z 

input 

FO 

Log Q/2 — Q 

'"Put 

00 

L 

L L H L 

2 


F - R + S + C n if Z * H 

Log F/2 - Y 
(Note 2) 

Hi-Z 

input 

FO 

Log Q/2 -»Q 

input 

QO 

L 

L H L L 

4 

Increment by 

One or Two 

F = S ♦ 1 ♦ C n 

F- V 

input 

Input 

Parity 

Hold 


Hi-Z 

L 

L H L H 

5 

Sign/Magnitude- 

F =S + C„if Z = H 

(Note 3) 

input 

input 

Parity 

Hold 

Hi-Z 

Hi-Z 

L 

L H H L 

6 

Multiply. Last Cycle 

F .s-r-hc„ 2 « L -h 

L °iNole 21 Y 

H.-Z 

input 

FO 

Log Q/2 — Q 

Input 

QO 

L 

H L L L 

8 

S TZT 

~ s + c„ 

F-Y 

F3 

F3 

Hi-Z 

Log2Q-0 

Q3 

input 

L 

H L H L 

A 

First Divide Op 

F = s ♦ C n 

Log 2F — Y 

R3 v F3 

F3 

input 

Log 2Q — Q 


input 


H H L L 

C 

Two's Complement 
Divide 

F*S + R + C n ifZ*L 

Log 2F — Y 

R3 v F3 

F3 

Input 

Log 2Q -• Q 

Q3 

input 

L 


E 


F = S - R - 1 +c' f ifz = H 

F ~* Y 

F3 



Log 2Q -* Q 

03 

Input 



3. At the most significant si.* onlv. S3 v F3 is generated at the Y3 output. 

4. Op codes 1. 3. 7. 9, B. D. and F are reserved lor future use. 


MC2903 SPECIAL FUNCTIONS 

The MC2903 provides nine special functions which 
facilitate the implementation of the following 

• Single- and double-length normalization 

• Two's complement division 

• Unsigned and two's complement multiplication 

• Conversion between two's complement and sign/ 
magnitude representation 

• Incrementation by one or two 
Table 4 defines these special functions. 

The single-length and double-length normalization 

double-precision floating point number in order to bring 
its mantissa within a specified range. 

Three special functions which can be used to perform 
a two's complement, non-restoring divide operation are 
provided by the MC2903. These functions provide both 
single- and double-precision divide operations and can 
be performed in "n" clock cycles, where n is the number 


The unsigned multiply special function and the two 

used to multiply two n-bit, unsigned or two's complement 
numbers, respectively, in n clock cycles. These functions 
utilize the conditional add and shift algorithm During the 
last cycle of the two's complement multiplication, a 
conditional subtraction, rather, than addition, is per¬ 
formed because the sign bit of the multiplier carries 

The sign/magnitude-two's complement special function 
can be used to convert number representation systems. 
A number expressed in sign/magnitude representation 

and vice-kersa, in one clock cycle. 

used to increment an unsigned or two's complement 
number by one or two. This is useful in 16-bit word, 
byte-addressable machines, where the word addresses 
are multiples of two. 

Refer to MC2903 applications section for a more 
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Sp.cl.,Punc,,o-H 

■Much 

- CLK Q - 

r~ 

. .. 2 

SURE B - SIGN COMPARE FLIP-FLOP 


TABLE 5 - MC2903 STATUS OUTPUTS 

IB 17IB 15 14131211 10 

0 - 0 to 3) 

<i - 0 to 3) 


F/ovr 

O/N 

z 


Most Sig. Ol 

,he, «-S.. 

l.’l.n.-l*. 



0 

1 




S 707l7293 





R, vS, 




5 70717273 


7o7l7273 


R, AS, 

Ri v§, 


Cn+3 y C n+ 4 P 


5 70717273 

7071 7273 

70717273 



R, vS, 


C n+ 3vC n+4 * 


3 70717273 

70717273 

70717273 



s, 

G v PC n 

Cn*3 P 


3 70717273 

7o7l7273 

70717273 



5, 

G vPC n 

C n+ 3 »C n+4 * 

F3 i 

5 70717273 

70717273 

70717273 




G v PC n 

Cn+3 v C n + 4 P 

F3 i 

5 70717273 

70717273 

70717273 



R, 


C„t3''C„. 4 P 

F3 i 

5 70717273 

?07l7273 


—-- - —- 

„ 0 

- 

0 




70717273 

70717273 







3 70717273 

70717273 

70717273 

70717273 


R, A Si 





3 70717273 

70717273 

70717273 


n, as, 





3 70717273 

70717273 

70717273 


R, A Sj 





3 7o7l 7273 


70717273 


R, A5; 





3 70717273 

70717273 

70717273 

0 0 L 

FI, ASp.V-H 


GVPC„ 

Cn+3 vC n +4 P 


3 

lopp, 

00 

2 0 L 

H,AS, Z .V-H 


GVPC„ 

C„*4 V Cn+4 P 


3 

inpu, 

00 



Sec Note 2 

GVPC„ 


F3 l 

3 70717273 

70717273 

70717273 

5 0 L 

° 

ifZ-H 

G V PC n 

C„*3VC„.4 

F3 if Z * L l 

F3 V S3 tf Z = H 

3 S3 

Ippp, 

IPPO, 

6 0 L 

R,as,Vz L -h 

RiVS.ifV-H 

GVPC„ 

Gn+3 »C„*4 P 


3 lopo, 

,n«u. 

00 

8 0 L 

0 

s ' 

See Note 3 

OZVOI P 

Q3 * 

3 00510203 

OoOl 0203 

0081(5203 

C 0 L 

r!aI;:!z-h 


G,PC„ 

Cn+3 v Cn+4 ^ 

F3 i 

5 S £o° u X‘ 

— 

I- 

E 0 L 

si:!:":; 


GVPC„ 

Cn+3 *C n+ 4 P 

F3 ? 

5 Sign Compare 
FF Output 


inpp, 

NOTES 1 II LS5 is Low. GO » SO and Gl.2,3 - 0- tf CSS is High, GO.1.2,3 - 0. 1 

2. If C55 ii Low. PO - 1 and P1.2.3 - SI.2.3 If CSS .1 H,gl>. P, - S;. F 

5 Z-SOOl8203FOFlF2F3 PC " 


3*G3V G2P3 V G1 P2P3 V G0P1 P2P3 
‘n+3 » G2 v G1P2 v G0P1P2 v C„ P0P1 P2 
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PIN DEFINITIONS 


AO-3 Four RAM address Inputs which contain 

the address of the RAM word appearing 

BO-3 Four RAM address inputs which contain 

the address of the RAM word appearing at 
the RAM B output port and into which 
new data is written when the WE input 
and the CP input are Low. 

WE The RAM write enable input. If WE is Low, 

data at the Y I/O port is written into the 
RAM when the CP input is Low. When 
WE is High, writing data into the RAM 
is inhibited. 

DAo-3 A four-bit external data input which can 
be selected as one of the MC2903 ALU 
operand sources; DAo is the least significant 

EA A control input which, when High, selects 

DAo- 3, and, when Low, selects RAM output 
A as the ALU R operand. 

DBo-3 A four-b it extern al dat a input/output. Under 
control of the OEb input, RAM output 
port B can be directly read on these lines, 
or input data on these lines can be selected 
as the ALU S operand. 

OEg A control input which, when Low, enables 
RAM output B onto the DBo-3 lines and, 
when High, disables the RAM output B 
three-state buffers. 


Cn 

10-8 

Ten 


The carry-in input to the MC2903 ALU. 

The nine instruction inputs used to select the 
MC2903 operation to be performed. 

The instruction enable input which, when 
Low, enables the Write output and allows the 
Q Register and the Sign Compare flip-fl op to 
be written. When IEN is High, the Write 
output is forced High and the Q Register 
and Sign Compare flip-flop are in the hold 
mode. 



significant and intermediate slices, and indi¬ 
cates the conventional two's complement 
overflow, OVR, signal at the most significant 
slice. Refer to Table 5 for an exact definition 

Z An open-collector input/output pin which, 

when High, generally indicates the Y0-3 
outputs are all Low. For some special func¬ 
tions, Z is used as an input pin. Refer to 
Table 5 for an exact definition of this pin. 

SlOo, Bidirectional serial shift inputs/outputs for 

SIO3 the ALU shifter. During a shift-up operation, 
SlOo is an input and SIO3 an output. During 
a shift-down operation, SIO3 is an input and 
SlOo is an output. Refer to Tables 3 and 4 
for an exact definition of these pins. 

QlOo, Bidirectional serial shift inputs/outputs for 

QIO3 the Q shifter which operate like SlOo and 
SIO3. Refer to Tables 3 and 4 for an exact 
definition of these pins. 

LSS An input pin which, when tied Low, programs 

the chip to act as the least significant slice 
(LSS) of an MC2903 array and e nables the 
Writ e output onto the Write/MSS pin. When 
LSS is tied High, the chip is programmed to 
operate as either an in terme diate or most 
significant slice and the Write output buffer 
is disabled. 

Write/MSS When LSS is tied Low, the Write output signal 
appears at this pin; the Write signal is Low 
when an instruction which writes data into 
the R AM is being executed. When LSS is tied 
High, Write/MSS is an input pin; tying it 
High programs the chip to operate as an inter¬ 
mediate slice (IS) and tying it Low programs 
the chip to operate as the most significant 
slice (MSS). 

YO-3 Four data inputs/out puts of the MC2903. 

Under control of the OEy input, the ALU 
shifter output data can be enabled onto these 
lines, or these lines can be used as data inputs 
when external data is written directly into 
the RAM. 

OEy A control input which, when Low, enables 
the ALU shifter output data onto the YO-3 
lines and. when High, disables the YO-3 
three-state output buffers. 


indicates the sign, N, of the ALU result at (jp 

the most significant slice. Refer to Table 5 
for an exact definition of this pin. 

P/OVR A multipurpose pin which indicates the 
carry propagate, P, function at the least 


The clock input to the MC2903. The Q 
Register and Sign Compare flip-flop are 
clocked on the Low-to-High transition of 
the CP signal. When enabled by WE, data 
is written in the RAM when CP is Low. 
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MICROPROGRAM SEQUENCER 



ARCHITECTURE OF THE MC2909/MC2911 

The MC2909/MC2911 are bipolar microprogram 
sequencers intended for use in high-speed microprocessor 
applications. The device is a cascadable 4-bit slice such 
that two devices allow addressing of up to 256-words of 
microprogram and three devices allow addressing of 
up to 4K words of microprogram. A detailed logic dia¬ 
gram is shown in Figure 1. 

The device contains a four-input multiplexer that is 
used to select either the address register, direct inputs, 
microprogram counter, or file as the source of the next 
microinstruction address. This multiplexer is controlled 
by the SO and SI inputs. 

The address register consists of four D type, edge- 
triggered flip-flops with a common clock enable. When the 
address register enable is Low, new data is entered into 
the register on the clock Low-to-High transition. The 
address register is available at the multiplexer as a source 
for the next microinstruction address. The direct input is 
a 4-bit field of inputs to the multiplexer and can be 


selected as the next microinstruction address On the 
MC2911, the direct inputs are also used as inputs to the 
register. This allows an N-way branch where N is any word 
in the microcode. 

The MC2902/MC2911 contains a microprogram 
counter (pPC) that is composed of a 4-bit incrementer 
followed by a 4-bit register. The incrementer has carry-in 
(C n ) and carry-out (C n +4) such that cascading to larger 
word lengths is straightforward. The pPC can be used 
in either of two ways. When the least significant carry-in 
to the incrementer is High, the microprogram register is 
loaded on the next clock cycle with the current V output 
word plus one (Y + 1 -*• pPC). Thus sequential micro 
instructions can be executed. If this least significant 
C n is Low, the incrementer passes the Y output word 
unmodified and the microprogram reigster is loaded with 
the same Y word on the next clock cycle (Y iiPC). 
Thus, the same microinstruction can be executed any 
number of times by using the least significant C n as 
the control. 
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The last source available at the multiplexer input 
is the 4X4 file (stack). The file is used to provide return 
address linkage when executing microsubroutines. The file 
contains a built-in stack pointer (SP) which always points 
to the last file word written. This allows stack reference 
operations (looping) to be performed without a push 
or pop. 

The stack pointer operates as an up/down counter with 
separate push/pop and file enable inputs. When the file 
enable input is Low and the push/pop input is High, the 
Push operation is enabled. This causes the stack pointer 
to increment and the file to be written with the required 
return linkage-the next microinstruction address fol¬ 
lowing the subroutine jump which initiated the Push. 

If the file enable input is Low and the push/pop 
control is Low, a Pop operation occurs. This implies the 
usage of the return linkage during this cycle and thus 

transition causes the stack pointer to decrement. If the 
file enable is High, no action is taken by the stack pointer 
regardless of any other input. 

The stack pointer linkage is such that any combination 
of pushes, pops, or stack references can be achieved. 
One microinstruction subroutine can be performed. 
Since the stack is four words deep, up to four micro¬ 
subroutines can be nested. 

The Zero input is used to fo rce t he four outputs 
to the binary zero state. When the Zero input is Low, all 
Y_outputs are Low regardless of any other inputs (except 
OE). Each Y output bit also has a separate OR input 
such that a conditional logic one can be forced at each 
Y output. This allows jumping to different microinstruc¬ 
tions on programmed conditions. 

The MC2909/MC2911 feature three-state Y outputs. 
These can be particularly useful in military designs 
requiring external Ground Support Equipment (GSE) 
to provide automatic checkout of the microprocessor. 
The internal control can be placed in the high-impedance 
state, and preprogrammed sequences of microinstructions 

ROM/PROM. 800658 ,0 * he C ° n,ro1 

OPERATION OF THE MC2902/MC2911 

Table 4 lists the select codes for the multiplexer. 
The two bits applied from the microword register (and 
additional combinational logic for branching) determine 
which data source contains the address for the next-micro¬ 
instruction. The contents of the selected source will 
appear on the Y outputs. Table 4 also shows the truth 
table for the output control and for the control of the 
push/pop_stack. Table 5 shows in detail the effect of 
SO, SI, FE and PUP on the MC2909. These four signals 
define what address appears on the Y outputs and what 



program counter is assumed to contain initially some 
word J, the address register some word K, and the four 
words in the push/pop stack contain R a through R d . 

Table 6 illustrates the execution of a subroutine using 
the MC2909. The configuration of Figure 3 is assumed. 
The instruction being executed at any given time is the 
one contained in the microword register (pWR). The 
contents of the pWR also controls (indirectly, perhaps) 
the four signals SO, SI, FE, and PUP. The starting address 
of the subroutine is applied to the D inputs of the 
MC2909 at the appropriate time. 
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Product Preview 


MICROPROGRAM CONTROLLER 

The MC2910 Microprogram Controller is an address sequencer 
intended for controlling the sequence of execution of microinstruc¬ 
tions stored in microprogram memory. Besides the capability of 
sequential access, it provides conditional branching to any micro¬ 
instruction within its 4096-microword range. A last-in, first-out 
stack provides microsubroutine return linkage and looping capability; 
there are five levels of nesting of microsubroutines. Microinstruction 
loop count control is provided with a count capacity of 4096. 

During each microinstruction, the Microprogram Controller 
provides a 12-bit address from one of four sources: 1) the micro¬ 
program address register, pPC, which usually contains an address 
one greater than the previous address; 2) an external (direct) input, 
D; 3) a register/counter, R, retaining data loaded during a previous 


• Twelve Bits Wide 

Address up to 4096 words of microcode with one chip. All 
internal elements are a full 12 bits wide. 

• Internal Loop Counter 

Pre settable 12-bit down-counter for repeating instructions 
and counting loop iterations. 

• Four Address Sources 

Microprogram address may be selected from microprogram 
counter, branch address bus, five-level push/pop stack, or 
internal holding register. 

• Sixteen Powerful Microinstructions 

Executes 16 sequence control instructions, most of which are 

• Output Enable Controls for Three Branch Address Sources 

Built-in decoder function to enable external devices onto 
branch address bus. Eliminates external decoder. 

• All Registers Positive Edge-Triggered 

Simplifies timing problems. Eliminates long setup times. 

• Fast Control from Condition Input 

Delay from condition code input to address output only 
27 ns typical. 
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FIGURE 1 - BLOCK DIAGRAM 
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MC29100/MC82100, MC29101/MC82101 


BLOCK DIAGRAM 
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INTRODUCTION 

The MCI0800 4-Bit ALU Slice is an LSI building block for digital 
processors. This circuit performs the necessary logic and arithmetic 
functions required to execute the various machine instructions. Each 
part is 4 bits wide and is "sliced" parallel to data flow. The MCI 0800 
is fully expandable to larger word lengths by connecting circuits in 
parallel and features three input/output data ports for maximum 
system flexibility. 

The 4-Bit ALU Slice as shown in the block diagram below con¬ 
tains latch/mask logic, ALU, shift network, accumulator, and bus 
control logic in a single bipolar circuit. Seeenteen select lines are 


MECL—LSI 
4-BIT ALU 
SLICE 
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Ml0800 LSI FAMILY DEVICES: 


MCI 0800 
MC10801 
MCI 0802 
MCI 0803 


3it ALU Slice 

croprogram Control Functior 
ming Function . 

:mory Interface Function 


COMPATIBLE MOTOROLA MECL MEMORIES: 

MCM10143 8x2 Multiport Register File 

MCM10144 256x 1 RAM 

MCM10145 16x4 RAM 

MCM10146 1024x 1 RAM 

MCM10147 1 28x 1 RAM 

MCM10149 256x4 PROM 

COMPATIBLE LOGIC: 

ECL 10,000: 100 Circuits, Industry-wide 


ABSOLUTE MAXIMUM RATINGS (« 


SYMBOL VALUE UNIT 


should be restricted to RECOMMENDED OPER¬ 
ATING CONDITIONS. Exposure to higher than 

time could affect device realiability. 
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SYSTEM OVERVIEW 

Certain basic functional building blocks, as shown in 
Figure 1, are characteristic of high performance proces¬ 
sors. These building blocks can be resolved into LSI 
circuits which, by proper use of control memory pro¬ 
gramming and circuit function select lines, will fit a 
wide range of system requirements. The Motorola 
M10800 family of LSI processor circuits is designed to 
provide these functional blocks and not limit the final 
system to any given system size or architecture. 

The ALU block in Figure 1 is filled by the MC10800 
4-Bit ALU Slice. This circuit combines the mask logic, 
ALU, shift network, and accumulator to give a very 
powerful function set. In addition, the data routing 
paths and data 1/0 ports allow numerous options when 
configuring a system. When designing with the MC10800 
function set it is possible to accomplish in a single pass 
what would require mulitple passes with other ALU 

In the M10800 Family, the register file has been made a 
separate block from the ALU, because modern systems 
use a wide range of register file sizes - varying between 
4 and 256 working registers. .With high speed MECL 
RAM and register file circuits available, the designer is 
permitted to specify the optimum register file size and 
configuration for his particular system. Storage registers 
are available in the MC10801 Microprogram Control 
Function and MC10803 Memory Interface Function for 
special purpose functions such as instruction register, 
status register, program counter, index register, and 
stack pointer. 

Virtually all modern computers use a microprogrammed 
instruction set. Microprogramming permits emulating 
machines, updating systems by increasing capability, 
modifying systems to meet specific customer require¬ 
ments, and designing to take advantage of existing soft¬ 
ware. The MC10801 Microprogram Control Function 
contains the logic needed to address and sequence 
through microprogram storage. Each MC10801 is 4 bits 
wide and can be operated in parallel for larger control 
memory address words. The necessary storage, logic, and 
1/0 is provided to generate next control memory address 
and handle status, branching, and interrupt functions. 
One of the penalties normally paid to gain the advan¬ 
tages of microprogramming is system speed. Each 
processor instruction requires several microprogram 
steps. The Motorola M10800 LSI family makes use of 
MECL 10,000 circuit technology and interfacing to 
attain fast microprogram cycle times. In addition, other 
features of the family (such as a powerful ALU func¬ 
tion set in the MC10800 and independent memory 
addressing in the MC10803), minimize the number of 
microprogram steps per system instruction. With the 
M10800 bipolar LSI family, it is possible to build fast 
microprogrammed systems which outperform dedicated 
hardwired systems using a slower technology. 


(M) MOTOROLA 


FIGURE 1 - MICROPROGRAMMED PROCESSOR 
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The Control Memory block in Figure 1 is a separate sec¬ 
tion of the system, best selected by the designer. Any 
microprogram storage included on the LSI circuits 
results in design constraints. Microprogram storage 
can vary up to several thousand words, depending on 
system complexity, and is best built with individual 
MECL PROMs such as the MCM10149,or MECL RAMs 
such as the MCM10144 or MCM10146. 

Any processor system must have access to external infor¬ 
mation from such sources as main memory, peripherals, 
and bulk storage. In the M10800 Family this chore is 
handled by the M10803 Memory Interface Function. 
This circuit is 4 bits wide and contains the necessary 
memory data and address storage. In addition, there 
are registers and an ALU for performing the various 
modes of memory addressing. 

The MCI0802 Timing Function ties the other func¬ 
tion blocks together. This part provides the various 
clock phases as needed and makes it easy to interface to 
a manual test or control panel. As with other parts in the 
M10800 Family, the MC10802 is fully programmable 
for maximum system flexibility. 

The Motorola Ml0800 circuits interface directly with all 
parts in the MECL 10,000 family. This provides a source 
for high speed ECL memories and interface circuits for 
MOS memories. It allows special hardware functions to 
be constructed for maximum system performance. 
MECL 10,000 MSI circuits can be used to multiplex 
status inputs for branch conditions, format priority 
interrupts, and build high speed array multipliers. 
Versatility is a main point of the M10800 Family. The 
block diagram in Figure 1 is intended to illustrate the 
purpose of the various LSI functions and not restrict the 
designer to any particular system configuration or 
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PIN ASSIGNMENTS 


AS8 

CLK 

AS16 (LC) 
VEE 
VEE 
VTT 
V T T 
V CC 
Vcc 
Vcco 
Vcco 




Description 

Data Bus A - LSB Input 
Data Bus A - NLSB Input 
Data Bus A - NMSB Input 
Data Bus A — MSB Input 
Output Bus - LSB I/O 
Output Bus-NLSB I/O 
Output Bus - NMSB I/O 
Output Bus - MSB I/O 
Input Bus - LSB I/O 
Input Bus-NLSB I/O 
Input Bus - NMSB I/O 
Input Bus - MSB I/O 

Y Input Mux - Select Input 

Y Input Mux — Select Input 
Increment/Decrement by 2 — Select Input 
X Input Mux - Select Input 

X Input Mux - Select Input 

Output Bus Control & A Input Mux - Select Input 

Output Bus Control & A Input Mux - Select Input 

Add/Subtract - Select Input 

Binary/BCD - Select Input 

Arithmetic/Logic Mode - Select Input 

Carry Input 

Carry Output 

Group Propagate Output 

Group Generate Output 

Overflow Output 

Parity of Carries Output 

Parity of Result Output 

Zero Detect 

Shift Network - Source Select Input 
Shift Network - Functic/n Select Input 
Shift Network - Function Select Input 
Shift Network - MSB I/O 
Shift Network - LSB I/O 

Accumulator Mux & Input Bus Control - Select Inpu 

Accumulator Mux & Input Bus Control — Select Inpu 

Input Bus Driver - Enable Input 

Accumulator - Clock Input 

Output Bus Latch — Clock Input 

—5.2 Volt Supply 

-5.2 Volt Supply 

-2.0 Volt Supply 

—2.0 Volt Supply 

Ground 
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ARCHITECTURAL DESCRIPTION 

Data enters and exits the MC10800 4-Bit ALU Slice 
through the A bus, Output (0 bus), and Input (I bus) 
as shown in Figure 2. The 0 bus and I bus are bidirec¬ 
tional, while the A bus is an input port only. These ports 
are each 4 bits wide requiring that MC10800s be oper¬ 
ated in parallel for larger word lengths, single bit data 
paths Cj n , C ou t, R-1, and R4 are used to interconnect 
parallel MC10800s. The circuit contains two storage 
elements; the 0 bus latch controlled by the latch clock 
(LC) and the accumulator controlled by the master clock 
(CLK). The remaining terminals in Figure 2 are status 
outputs and are used for second level look-ahead carry 
or for generation of processor condition codes. The indi¬ 
vidual blocks and I/O terminals in Figure 2 are described 


Latch/Mask Network 

The iatch/mask network controls data to one input 
port of the Arithmetic Logic Unit. The holding latch is 
positioned to provide temporary storage for data enter¬ 
ing through the Output Bus port. The latch clock input 
(LC) controls the latch operation. When not latched, 
data ripples through the latch and need not be clocked. 
For microprocessor and microcontroller applications, it 
is desirable to be able to mask data entering a machine. 
The latch/mask network incorporates this feature. By 
using the mask select lines, it is possible to mask data on 
the Output Bus with the A Bus using the logic AND 
and logic OR functions. 


FIGURE 2 - 4-BIT ALU SLICE - MC10800 
DATA, STATUS AND CLOCK 
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Arithmetic Logic Unit 

The Arithmetic Logic Unit (ALU) combined with the 
latch/mask network has the capability of perfoming 
logic operations, binary arithmetic, and BCD arithmetic 
on combinations of one, two, or three variables. These 
variables are the A bus, output bus latch, and accumu¬ 
lator. Variables are treated equally in both binary and 
BCD formats (A bus minus a bus and a bus minus A 
bus). BCD arithmetic operations are incorporated 
internally within the ALU and the BCD functions do 
not compromise system speed. 

The ALU incorporates a 9’s complement circuit to gen¬ 
erate the necessary BCD complement function. The 9's 
complementer is used with BCD subtract and 9's com¬ 
plement instructions and the circuit is automatically 
enabled when these functions are selected. 

The ALU section of the 4-Bit Slice provides the logic for 
overflow and carry out. Overflow provides the two's 
complement overflow of binary addition and subtraction. 
Overflow is also generated in the shift network and is the 
exclusive OR of the MSB and NMSB during a shift 
left operation. Carry out functions for both binary and 
BCD operations. If second level look-ahead carry is not 
used, the carry out of one 4-Bit Slice is connected to 
carry in of the following slice circuit for ripple carry. 
The ALU generates the group propagate, group generate, 
and parity of carry outputs. Group propagate and gener¬ 
ate are used for external look-ahead carry between 4-Bit 
Slice circuits. The propagate and generate outputs oper¬ 
ate with both BCD and binary functions. Parity of 
carries is used for arithmetic error checking and is gener¬ 
ated by the exclusive-ORing of Cj n , carry from the LSB, 
carry from the NLSB, and carry from the NMSB. 

Shift Network 

shift operations within the 4-Bit Slice. Select lines to the 
shift network control shift left, logic shift right, arith¬ 
metic shift right, and ripple through. 

The arithmetic shift right provides sign protection for 
arithmetic shift operations. Only MSB is affected during 
an arithmetic shift right (towards the LSB), the most 
significant bit is repeated. R-1 and R4 input/outputs 

interconnecting 4-Bits Slice circuits. The zero detect is 
derived from the shift network outputs and detects the 

erated in the shift network. This output, used for parity 
checking, is generated by exclusive-ORing the shift 
outputs. 

Input Bus Control 

The input bus control manipulates the source of data to 

either the shift network or the accumulator. In addition, 
this control circuit can inhibit data from being routed to 


into the accumulator or to be used for other system 
functions not related to the 4-Bit Slice. 

Accumulator/Multiplexer 

The master-slave accumulator provides for high speed 
iterative computer operations. These can include repeated 
add with accumulated sum, multiply.divide,and multiple 
shift operations. A multiplexer circuit feeds the accumu¬ 
lator from one of three possible sources as controlled 
by select lines. These sources are the results of the shift 
network, the input bus, or the output bus. A fourth 
condition inhibits the accumulator clock and stored 
data is retained. Data is entered on the rising (VOL to 
VoH> clock edge. 

Output Bus Control 

The output bus control section distributes the outputs 
of the accumulator to various points in the 4-Bit slice. 
Select lines route the accumulator to either the A 
input multiplexer or to the output bus. In addition, the 
accumulator can be routed to the ALU for mask and 
compare type operation. A fourth state of the output 
bus control inhibits the accumulator from going to any 
of the three above destinations. 

A Input 

The A input consists of four pins, AO, A1, A2, and A3 
which serve as input data paths to the arithmetic logic 
unit. These inputs are designed to operate in a negative 
logic data format with a MECL VOL being a logic 1. 
Because of the BCD functions, the 4-Bit Slice does not 
directly accept both positive and negative logic formats. 
The inputs are designated with AO as the least significant 
of the 4 bits in the circuit and A3 as the most significant 


Output Bus 

The output bus consits of four terminals, BBO through 
BB3, which function as both data inputs and data out¬ 
puts. As with the A input, the output bus pins are in 
negative logic and BBO is the least significant bit within 
the part. The output bus when used as an input is routed 
to the holding latch, and accumulator multiplexer. As 
an output port, these terminals are used to connect 
data in the accumulator to the output bus as shown in 
Figure 2. 

The input bus consistsof four terminals, IBO through IB3, 
which function as both data inputs and data outputs. As 
with the A buffer and the output bus, the input bus pins 
are in negative logic and IBO is the least significant bit 
within the part. The input bus when used as an input is 
routed to the accumulator. As an output port, these 
terminals are used to connect data from either the 
accumulator or shift network results to the input bus as 
shown in Figure 2. 
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Latch Clock AS16 

Latch clock AS16 controls the storage of data in the 
holding latch on the output bus. When the latch clock is 
at V|H data ripples through the latch, interconnecting 
the output bus with the ALU inputs. When AS16 is 
at Vol data is stored in the latch and latch outputs 
are not affected by any changes in information on the 



SELECT LINE OPERATION 
Y Input Mux Select Inputs ASO and AS1 

ASO and AS1 control the source of data to the Y-Input 
mux of the ALU. These select lines allow selection of 
either the A Input Mux, the output bus, all logic 0 or 
all logic 1 bits. Table 2 illustrates the operation of these 

The ALU Y input is also the port for entering accumu¬ 
lator data into the ALU. This is accomplished by setting 
ASO and AS1 to a logic 0 and enabling the accumulator 
with AS5 and AS6 as described in Table 4 and Table 5. 


OUTPUT BUS LATCH 
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Accumulator Mux & Input Bus 
Control Select Inputs AS9 & AS15 

Select lines AS9 and AS15 perform two functions in the 
MECL 4-Bit Slice. One is to control the source of data 
to the accumulator, the other to control the source of 
data to the input bus drivers. The accumulator can store 
data from three independent points in the 4-Bit Slice. 
These are the input bus, the output bus, and the shift 
network outputs. A fourth condition on AS9 and AS15 
feeds the accumulator back on itself so the accumulator 
clock is effectively disabled. This permits storage of 
data in the accumulator with a continuous system clock 
entering the slice circuit. The clock disable state of AS9 
and AS15 is designed so that only the clock can load 
information into the accumulator and the accumulator 

AS9 and AS15 route either the accumulator or the shift 
network outputs to the input bus drivers. When the 
results of the shift network are gated to the accumula¬ 
tor, the accumulator is the source of data to the input 
bus drivers. For all other combinations AS9 and AS15, 
the shift network outputs are gated to the bus drivers. 
The accumulator clock can be disabled when reading the 
accumulator to the shift network and using the shift 
network as a feedback path. Table 11 illustrates the 
operation of AS9 and AS 15. 

Input Bus Driver Enable Input AS8 

AS8 inhibits and enables the input bus driver circuits. 
When this select line is at a logic 1 (Vol) the in P ut bus 
drivers are enabled and data from either the shift net¬ 
work or the accumulator is routed to the input bus. A 
logic 0 on AS8 disables the input bus drivers so the in¬ 
put bus port can be used to input data or so the input 
bus can route data independent of the 4-Bit Slice in a 
system. When disabled the input bus drivers assume a 
logic 1 state (VoiJ- Forcing the outputs low permits the 
use of MECL emitter dotting on the system input bus. 
The truth table for AS8 is shown in Table 12. 

Accumulator Clock Input CLK and 
Output Bus Latch Clock Input - AS16 

Data is entered into the accumulator on the rising edge 
of the clock signal. The data source is selected by AS9 
and AS15. Latch clock AS16 controls the storage of 
data in the holding latch on the output bus. When AS16 
is a logic 0 (V|H) data ripples through the latch. When 
AS16 is a logic 1 data is stored in the latch and the latch 
outputs are not affected by information changes on the 
output bus. Table 13 is the truth table for AS16. 



TABLE 13 



LATCH OPERATION 


ENABLED 
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ALU LOGIC OPERATION FUNCTION SET 

The output bus latch, the A input multiplexer, and the 
accumulator are sources of data to the ALU. Following 
the various truth tables of the given select lines a full set 
of logic operation can be performed in the ALU. 


The equivalent block diagram of the ALU for logic oper¬ 
ations is shown in Figure 4. The adder is set to the logic 
mode (AS12 - 0), therefore, FouT is the Exclusive-OR 
of selected sources X and Y. The complementer is pro¬ 
grammed as a conditional inverter (AS11 - 1) dependent 
on AS10. The X source is selected by inputs AS2 and 
AS3. The Y source is selected by ASO and AS1JAS4 = 1) 
and OR-ed with the accumulator (selected by AS5-AS6). 
A selected logic function set is shown in Table 14. 


Other functions and select line combinations are possible 
with many redundant operations. Other conditions can 
be determined from previous truth tables. 


FIGURE 4 - BLOCK DIAGRAM OF ALU LOGIC OPERATION 
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ALU ARITHMETIC OPERATION FUNCTION SET 

The block diagram for arithmetic operation is similar 
to logic operation, however, the complementer and 
arjder go to arithmetic mode. Select jnput AS12 is set 
to logic 1 for adder operation, however, AS4 is now 
used for increment/decrement by 2 and AS 11 selects 
the binary or BCD operation. 

The various arithmetic functions in the 4-Bit Slice are 
determined by the choice of operands to the adder. 
Most binary functions have a BCD equivalent, however, 
operands for BCD functions should be valid BCD charac- 

Table 15 shows a selected arithmetic function set. Simi¬ 
lar to the logic function set other combinations of 
select lines and operations are possible. These can be 
generated as needed by the previous truth tables. 


FIGURE S - BLOCK DIAGRAM OF ALU ARITHMETIC 
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DATA ROUTING FUNCTION SET 

Data routing in the MECL 4-Bit Slice covers the routing 
of data to and from both the shift network and accumu¬ 
lator. Data routing is controlled by select lines AS5, 
AS6, AS7, AS8, AS9, and AS15. AS5 and AS6 control 
the output destination of accumulator data, AS7 deter¬ 
mines the source of data to the shift network, and AS8 
enables and disables the input bus drivers. AS9 and 
AS15 control the source of data to both the accumula¬ 
tor and input bus drivers. Table 16 shows the truth 
table for AS7, AS8, AS9, and AS15. 

The first four columns show all select line states. The 
fifth column shows the input source to the accumula¬ 
tor as controlled by AS9 and AS15. The possible 
accumulator inputs are: (1) ACC which is accumulator 


feedback on itself for accumulator clock disable. (J>) IB 
which connects the input bus to the accumulator inputs, 
(3) oB which connects the output bus tp the accumula¬ 
tor inputs, and (4) RES which connects the results of 
shift network to the accumulator Input. The sixth 
column shows the two possible sources of input data to 
the shift network. These are from the accumulator 
(ACC) for accumulator shift, operations, and from the 
ALU function outputs (F). The final column in the table 
shows the status of the input bus drivers. A logic 0 on 
AS8 disables the driver circuits so this part can be used 
to input data or for other system functions not related 
to the 4-Bit Slice. When enabled, the input bus port will 
output information from the accumulator or from the 
results of the shift network. 





< 8 > 


MOTOROLA Semiconductor Products Inc. 


5-105 






















5-106 






































































SETUP AND HOLD Tl 


[S (NANOSECONDS O’ 


R TEMPERATURE RANGE). 



-(g) 


MOTOROLA Semiconductor Products Inc. 


5-107 

















MCI 0800 


PROPAGATION DELAYS (NANOSECONDS) 



Path 


-30°C T a 

+ 25°C T A 

+85°CT A 

Input 

Via 


Function 

Output 

Tvp 

Max 

Tvp 

Max 

Tvp 

Max 

©Bus 

ALU 

Arith 

Subtract 

1 Bus 

30.0 

39.0 

32.0 

41.0 

375 

49.0 




pq.Gg 

16.0 

21.0 

17.5 

21.0 

20.0 

27.0 





COUT 

18.0 

22.0 

19.0 

23.0 

225 

28.0 





OF. ZD 

27.0 

375 

29.5 

39.0 

34.0 

44.0 





PC, PR 

27.0 

34.0 

29.0 

36.0 

34.0 

41.0 

C|N 

ALU 

Arith 

Addition 

1 Bus 

15.0 

18.5 

16.0 

19.5 

19.0 

245 




COUT 

5.0 

7.0 

5.5 

7.5 

6.0 

8.5 





OF. ZD 

12.5 

16.0 

13.5 

175 

15.5 

19.0 





PC. PR 

13.5 

18.0 

14.5 

19.0 

17.0 

23.0 

asd 

Al II 

Arith 

Subtract 

1 Bus 

36.0 

43.0 

38, 

46.5 

47.0 

64.0 

AS1 











AS2 




PG.GG 

23.0 

30.0 

24.0 

305 

30.0 

38.0 

AS4 




COUT 

24.0 

32.0 

26.0 

32.0 

31.5 

39.0 

AS5 




OF, ZD 







AS6 




33.0 

43.0 

36.0 

46.0 

475 

60.0 

AS11 




PC. PR 

33.0 

40.0 

35.0 

42.0 

44.0 

57.0 

AS12 













Arith 


1 Bus 




43.0 

41.0 

51.0 






20.0 

25.0 

21.0 

26.0 

25.0 

32.0 





COUT 

21.5 

26.0 

23.0 

27.5 

26.5 

335 





OF, 2D 

305 

39.0 

33.0 

42.0 

38.0 

47.0 





PC.PR 

30.5 

36.0 

33.0 

39.0 

38.0 

47.0 

R4 1 

Shift 

Shift Left 
Shift Righi 


, Bus 

7.0 

8.5 

7.5 

9.0 

9.0 

13.0 

AS7 

AS13 

Shift 



1 Bus 

to. 

16.0 

10.0 

,60 

1,5 

18.0 

AS9 

Direct 

Shift 


1 Bus 

8.0 

11.0 

8.5 

11.5 

10.0 

13.5 












AS8 

Direct 

Disable 


1 Bus 

5.5 

8.5 

6.0 

8.5 

7.5 

105 

AS5 

Direct 

Enable . 


OBus 

7.0 

9.5 

7.5 

9.5 

10.0 

17.0 

AS6 










CLK 

A Bus 

Arith 

Subtract 

1 Bus 

38.5 

48.0 

41.0 

51.0 

47.0 

57.0 




Accumulator 

PG, GG 

26.0 

36.0 

27.5 


31.0 

43.0 





COUT 

27, 

38.0 

29.0 

40.0 

32.5 

45.0 





OF, ZD 

37.0 

41.0 

39.0 

43.0 

44.5 

49.0 





PC.PR 

36, 

44.0 

39.0 

46.0 

44, 

555 

CLK 

ALU 

Arith 

Add 

1 Bus 

34, 

45.0 

36.5 

475 

42.5 

58.0 

CLK 

Shift 

AS7 = 0 

Shift 

1 Bus 

13.0 

17.5 

14.0 

18.5 

16.0 

21.0 





OF, ZD 

14.0 

18.0 

14.5 

19.0 

16.0 

23.0 





PC.PR 

15.0 

20.0 

16.0 

21.0 

18.0 

24.0 

CLK 

Direct 

- 

*Bus 0 

'BUS 

8.0 

11.0 

8.5 

11.0 

105 

13.0 
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PACKAGE DIMENSIONS 



-(g) 


MOTOROLA Semiconductor Products Inc. - 


5-110 











































































(M) MOTOROLA 


MC10801 


INTRODUCTION 

The MC10801 Microprogram Control Function is an LSI building 
block for digital processor systems. This circuit controls machine 
operations by generating the addresses and sequencing pattern for 
microprogram control storage. The MC10801 is compatible with a 
wide range of control memory sizes and organizations. Each part is 4 
bits wide and can be connected in parallel for larger memory ad¬ 
dresses. Maximum system flexibility is maintained with 5 separate 
data ports. 

The Microprogram Control Function as shown in the block diagram 
below contains a control memory address register CRO, multi¬ 
purpose registers CR1-CR3, an incrementer, a subroutine LIFO, and 
the associated next address, status, and bus control logic in a single 

MECL Bipolar LSI circuit. Nine select (CS) lines and four instruction 
inputs (iC) control all operations within the part. 


MECL — LSI 
MICROPROGRAM 
CONTROL 

FUNCTION 



Microprogram Control Function BLOClt DIAGRAM-MC10801 
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SYSTEM OVERVIEW 

The Motorola M10800 family of LSI processor circuits 
has been partitioned into key building block elements as 
shown in Figure 1. The LSI circuits can be interconnected 
and programmed for a wide range of processor system 
applications. Combinations of the various circuits allow 
expansion to any required data word length or control 
memory size. Multiple I/O ports on each circuit provide 
maximum data flow flexibility. TheM10800 LSI family 
is designed to provide functional system blocks without 
limiting a final system size or architecture. 

The Ml0800 system is designed around a micropro¬ 
grammed concept for greatest versatility. Micropro¬ 
gramming permits emulating existing machines or 
software, updating systems by adding more capability, 
or modifying systems to meet specific customer require¬ 
ments. The microprogram is contained in the control 
memory block of Figure 1. Depending on system require¬ 


FIGURE 1 - MICROPROGRAMMED PROCESSOR 



ments, this memory can vary from a few hundred words 
to several thousand. The size and organization of this 
block is controlled by the system designer and is con¬ 
structed with MECL PROMs such as the MCM10149, or 
MECL RAMs such as the MCM10144 or MCM10146. 

In a microprogrammed processor the information for 
executing a machine function (macroinstruction) is con¬ 
tained within the control memory. Control memory out¬ 
puts go to the Register File. ALU. and Memory Interface 
blocks in Figure 1 and control the specific function per¬ 
formed by each section of the processor. The number of 
control memory steps (microinstructions) required to 
execute a macroinstruction is determined by complexity 
of the instruction. For example, a simple register to reg¬ 
ister add can require only one or two microinstructions, 
while a more complex multiply or floating point arith¬ 
metic calculation requires several control memory words 
addressed in the proper sequence. 

The heart of a microprogrammed system is the micro¬ 
program control logic. This block in Figure i holds the 
present control memory word address and controls the 
sequencing to execute processor operations. Within the 
Motorola M10800 family, the MC10801 Microprogram 
Control Function performs this important task. Each 
circuit is four bits wide and parallel combinations adapt 
to any required control memory size. A set of sixteen 
instructions address the MC10801 and control the 
sequencing of the microprogram storage. Powerful 
branch and subroutine instructions increase system per¬ 
formance and minimize the amount of control memory 
required to build a system. The sixteen instructions ease 
the burden of writing a microprogram by expressing pro¬ 
gram flow in a manner familiar to assembly language 
programmers. 

Versatility is a key word to describe each circuit in the 
Motorola Ml0800 family. The block diagram in Figure 1 
and the examples in this data sheet are intended to 
illustrate ways to use these LSI parts and do not restrict 
the designer to any particular system configuration or 
application. 
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N ASSIGNMENTS 


CROO 

CROI 

CR02 

CR03 

CR30 

CR31 

CR32 

CR33 


Description 

Instruction Control Input 
Instruction Control Input 
Instruction Control Input 
Instruction Control Input 

Input Bus - LSB I/O 
Input Bus -NLSB I/O 
Input Bus - NMSB I/O 
Input Bus-MSB I/O 

Output Bus - LSB I/O 
Output Bus-N LSB I/O 
Output Bus-NMSB I/O 
Output Bus — MSB I/O 

Next Address - LSB Input 
Next Address -NLSB Input 
Next Address - NMSB Input 
Next Address - MSB Input 

Control Memory Address - LSB Output 
Control Memory Address - NLSB Output 
Control Memory Address - NMSB Output 
Control Memory Address - MSB Output 

Status Register CR3 Output 
Status Register CR3 Output 
Status Register CR3 Output 
Status Register CR3 Output 

Status Register Control - Select Input 
Status Register Control - Select Input 
Status Register Control - Select Input 
Status Register Control - Select Input 
Branch Line — Select Input 
Control Memory Address — Enable Input 
Bus/I Bus Control - Select Input 
0 Bus/I Bus Control - Select Input 
0 Bus/I Bus Control - Select Input 

Carry Output 
Data Input to CR3 

Branch Input 
Extender Bus 

Reset Input 
Clock Input 

-5.2 Volt Supply 
-5.2 Volt Supply 
-2.0 Volt Supply 
-2.0 Volt Supply 
Ground 
Ground 

Ground 
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ARCHITECTURAL DESCRIPTION 

address the control memory storage block. The next 
address logic block in Figure 2 generates next address 
information to the CRO register inputs. A positive clock 
edge loads the new control memory address into CRO 
which in turn selects the next microinstruction. 

NEXT ADDRESS LOGIC 

The next address logic block performs 16 sequence in¬ 
structions as selected by the instruction control lines ICO 
through IC3 inputs. These 16 control instructions, see 
Table 1, determine the source of control memory ad¬ 
dress information within each MC10801. Possible 
sources are CR1, CR2, CR4, NA inputs, I Bus, 0 Bus, 
and the incrementer. During each microcycle the next 
address block generates a new control memory address 
in parallel with other processor functions, such as the 
ALU. Detailed information on the 16 MCI 0801 instruc¬ 
tions follows in the Functional Description section of 


FIGURE 2 - FUNCTIONAL BLOCK DIAGRAM 



The MC10801 Microprogram Control Function is com¬ 
posed of 8 master slave registers, CRO through CR7, as 
shown in Figure 2. Additional gates, multiplexers, and a 
next address logic block transfer information to and 
from these registers. Five 4-bit data ports (CRO, CR3, 
NA, I Bus, and 0 Bus) are available to enter and output 
address information. In addition, three single line ter¬ 
minals (B, XB, and Dj n ) provide status inputs for deci¬ 
sions within the part Each of the eight registers fills an 
important function in the storage and generation of 
control memory addresses. The individual registers and 
data transfer paths in Figure 2 are described below. 

CRO - CONTROL MEMORY ADDRESS REGISTER 

Register CRO holds the present microprogram control 
memory address and its outputs are gated to package 
pins CR00 through CR03. In a system these outputs 
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TABLE 1 

MC10801 CONTROL INSTRUCTIONS 



ing subroutines. This repeat feature is important for 
multiple shift, multiply, and divide machine instructions. 
To perform a microprogram repeat sequence, the repeat 
count is first loaded into CR1 from the NA inputs with 
a RSR-Repeat Subroutine instruction (Table 1). Each 
time the selected microinstruction or subroutine is exe¬ 
cuted, CR1 is automatically incremented. Upon reaching 
the final repeat count the MC10801 continues to the 
next microprogram instruction. 

A second function performed by CR1 is a control mem¬ 
ory address save register. In this mode the present con¬ 
trol memory address in CRO is transferred to CR1 on a 
JLA-Jump and Load Address instruction (Table 1). At a 
later time it is possible to return to the stored address by 
transferring CR1 back to CRO on a RPI-Repeat Instruc¬ 
tion command. 

The operation of CR1 is controlled by the next address 
logic. Possible input sources are the NA inputs, the incre- 
menter, and CRO. CR1 outputs are routed to either 
CRO. to the incrementer, or to a Bus output. 


CR2 - INSTRUCTION REGISTER 
Register CR2 is used primarily as an instruction or op 
code storage register. After fetching a machine instruc¬ 
tion, the control memory starting address can be stored 
in CR2. It can then be used later by transferring the con¬ 
tents of CR2 through the next address logic to the con¬ 


trol memory address register CRO. As with register CR1, 
the operation of CR2 is controlled by the instruction 
inputs ICO - IC3 and the next address logic. The'I Bus is 
the source for CR2 and is loaded on either a JIN or JL2 
instruction (Table 1). Information is transferred from 
CR2 to CRO on a JPI-Jump to Primary instruction. 

CR2 is not limited to an instruction register and can be 
used anytime it is desirable to store a control memory 
address location for future use. For example, CR2 can 
store an interrupt vector which may be loaded into CRO 
as needed. 

CR3 - STATUS REGISTER 

Register CR3 is normally used as a status register for 
storing flag conditions. This 4-bit register can be parallel 
loaded from either the NA or I Bus inputs. In addition, 
any single CR3 bit can be set or cleared from the Dj n 
input. The CR3 outputs are continuously available on 
the CR30 to CR33 package pins. The CR3 status infor¬ 
mation may be used in conjunction with other external 
information for generating branch conditions. 

Any single CR3 bit can be selected and gated onto the 
XB extender bus line. XB goes to the next address logic 
to control branch decisions When MC10801’s are 
operated in parallel, the XB line is common to every part. 
Therefore, branch decisions can be made independent of 
which MC10801 circuit contains the selected status bit. 
The operation of CR3 with respect to the I Bus, NA 
inputs, D{ n , end XB is controlled by select lines CSO, 
CS1.CS2, and CS3. 

Another use for CR3 is to extend the control memory 
address. This is accomplished by organizing the control 
memory in a word-page format. The word address is 
contained in CRO and the page address in CR3. With two 
MC10801 s each page can be 256 words (8 CRO bits) 
and 16 pages may be addressed with 4 CR3 bits or 256 
possible pages using all 8 CR3 bits. 

A third use for CR3 is to store all or part of the instruc- 

bits could be selected onto the XB line and tested for 
secondary decode decisions. 

CR4-CR7 LIFO STACK 

Registers CR4 through CR7 are connected as a last-in- 
first-out (LIFO) stack for nesting subroutines within 
microprogram. When jumping to a subroutine, the return 
destination is automatically pushed onto the top of the 
LIFO (CR4). When returning from subroutine, CR4 is 
loaded into the control memory address register CRO. 

With 4 registers it is possible to nest subroutines up to 4 
deep within the LIFO. If additional stack depth is required 
CR1 can be used as a fifth location or CR7 can be ex¬ 
panded to any length through the I Bus or 0 Bus ports 
to additional MECL MSI circuits. 
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Reading CR7 via the I Bus or 0 Bus during a push of the 
UFO stack provides a means for testing when the stack 
is full. Logic " 0 " bits are normally stuffed into the 
bottom of the stack on a "pop" or read operation. 
Therefore, any information in CR7 would indicate the 
stack is full. 

Push and pop stack operations are controlled by the 
ICO - IC3 inputs and the next address logic. In addition, 
select lines CS6, CS7, and CS8 route information to and 
from the LIFO via the I Bus and 0 Bus ports. 

INCREMENTER 

The 4-bit incrementer is used in several of the Table 1 
microprogram control instructions. One is the INC-Incre- 
ment command which linearly steps through a micro¬ 
program. A second function is to increment CR1 when it 
is used as an index counter for repeating microinstruc¬ 
tions or subroutines as described in the earlier CR1 
section. Increment is also used with the JSR-Jump to 
Subroutine, BSR-Branch to Subroutine, and JLA-Jump 
and Load Address commands to generate the proper 
return address. Operation of the incrementer is con¬ 
trolled by the ICO - IC3 code and the Cj„ input. 

The incrementer is expanded with the carry in (Cj n ) and 
carry out (Cout) terminals when MCI 0801 circuits are 
operated in parallel. The carry out of one MC10801 is 
connected directly to carry in of the circuit handling the 
next most significant control memory address bits. Carry 
out of the most significant bit is not required for count 
operation, but it can be used to signify maximum count 
value at the incrementer inputs. 

Carry in to the least significant MC10801 is connected 
to a logic "1" for the increment operation. This input is 
normally hard wired, but in some applications can be 
system controlled to override the incrementer. 

RSR LOGIC AND RSR FLIP FLOP 
The repeat subroutine (RSR) logic and flip flop blocks 
in Figure 2 provide a means for setting the MC10801 in 
an instruction repeat sequence as described in the pre¬ 
vious CR1 section. The RSR flip flop is automatically 
set when a repeat constant is loaded into CR1 with a 
RSR-Repeat Subroutine instruction. It is cleared when 
CR1 reaches the final repeat count. By monitoring the 
RSR flip flop status, the MC10801 can decide when to 
perform microinstruction repeats. Additional details of 
the RSR flip flop operation are explained in the follow¬ 
ing Functional Description section. 

CLK - CLOCK 

All registers in the MC10801 Microprogram Control 
Function are composed of master-slave flip flops and 
must be clocked to change stored data. A common clock 
is routed directly to all eight registers. As is characteristic 
of MECL flip flops, the registers are clocked on the posi¬ 
tive going (Vol to Voh) clock edge. At that time data 
present on the register inputs is stored in the register and 


is available at the register outputs. Signals on the register 
inputs can change at any time, with the clock input at 
either logic state, and not change the register outputs. 
The only restriction on changing register inputs is during 
the set up and hold time near the positive going clock 
edge. 

R5T-RESET 

The RS? input is held at MECL VqL during normal sys¬ 
tem operation. However, by forcing this input to the 
MECL Voh level, it it possible to. reset all registers in 
the MC10801. Reset operates in conjunction with the 
clock and therefore is a synchronous reset Reset is 
accomplished in the following sequence. CRO, CR1, 
CR2, and CR3 are reset on the first clock pulse. The 
LIFO is connected to the incrementer to which carry-in 
is inhibited. The LIFO is also forced to a push mode 
during reset. Therefore, a maximum of five clock pulses 
reset all MC10801 registers in the following sequence: 
CR0/CR1/CR2/CR3, CR4, CR5, CR6, CR7. 


FUNCTIONAL DESCRIPTION 


MICROPROGRAM SEQUENCE CONTROL 
INSTRUCTIONS IC0-IC3 

The MC10801 generates the microprogram address 
sequencing from 16 control instructions which are 
encoded on the ICO - IC3 inputs. Each control instruc¬ 
tion determines the data source for the next micropro¬ 
gram control memory address. This next address infor¬ 
mation is then stored in register CRO on a positive going 
clock signal. 

The 16 sequence control instructions are each described 
in Table 2. Table 2 lists these instructions and shows the 
associated mnemonics, binary select codes, and register 
transfers. Several instructions require making decisions 
on the status of the branch (B), extender bus (XB), RSR 
flip flop output (RSQ), or select line CS4. Both decision 
alternatives are given for these instructions. 

INC - Increment 

The increment command routes the present contents of 
CRO through the incrementer, adds Cj n , and multiplexes 
the result (CRO plus Cj n ) to the CRO register inputs. As 
with all control instructions, the new address is loaded 
on a positive clock transition. This instruction is used to 
linearly step through the microprogram memory. When 
MC10801S are operated in parallel, Ci n of a more signi¬ 
ficant device is connected to Cout of the previous 
MC10801. The least significant Cj n is normally left 
floating at a logic "1". 

JMP - Jump to Next Address 

The JMP command provides for an unconditional jump 
to another control memory address. The jump destina¬ 
tion is directly supplied on the NA inputs, which are 
normally feedback from control memory. A clock transi¬ 
tion transfers address data from the NA inputs to regis¬ 
ter CRO. 
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The JIB instruction is a direct jump to address informa¬ 
tion on the I Bus port The I Bus is normally an internal 
data bus in the processor and can be used to input the 
starting address of a microprogram instruction routine. 
The I Bus data is modified or "masked" with control 
memory feedback on the NA inputs. The next address is 
therefore determined by I Bus ANDed with NA inputs. 


JIN - Jump to I Bus and Load CR2 
The JIN command routes the I Bus ANDed with NA 
input to CRO as does JIB. In addition, JIN loads un¬ 
modified I Bus data into register CR2 on the same clock 
edge. This information in CR2 can be used at a later 
point in microprogram for primary and secondary pro¬ 
gram flow modification. 


JPI - Jump to Primary Instruction 
The JPI command is a jump to the contents of CR2 
ANDed with the NA inputs. Register CR2 is loaded with 
a previous JIN or JL2 instruction. The code stored in 
CR2 is used to start a new sequence of microinstructions 
or modify the present microinstruction sequence. 

JEP - Jump to External Port 

The JEP instruction is a direct jump to information on 
the 0 Bus port. The 0 Bus data is ANDed with the NA 
inputs (0 Bus'NA) prior to entering register CRO. This 
instruction offers an additional port to enter a starting 
address or modify information to microprogram flow. 


the present CRO address to be incremented and 
pushed onto the stack. That is. CRO plus Cj n ■* 
CR4 and the contents in registers CR4 through 
CR7 are "pushed down" one location. Upon a 
return from subroutine, the incremented address 
puts the control into the main program flow one 
location below the JSR address. 

2. Repeat mode is used for multiple executions of a 
single subroutine. The RSR flip-flop has been 
previously set IRSQ * 1) by an RSR instruction. 

The incrementer is disabled and CRO is loaded into 
CR4. The stack registers CR4-CR7 are pushed 
down as before. Upon a return from subroutine, 
the original JSR address is then returned to CRO 
and the JSR is executed again. This repeat cycle 
will continue until XB signifies the final repeat 
count has been reached. 

For multiple MC10801 configurations, the XBIine 
is a common connection between parallel circuits. 
The RSR flip-flop significes the repeat mode and 
XB combines with CR1 registers to determine the 
final repeat count. During a JSR instruction the in¬ 
crementer is controlled by the following equation: 

INTERNAL CARRY_IN = Cj n -<RSQ+<CR13- 

CR12- CR11-CR10I-XBI 

Additional information on the XB line is found in the 

following Branch Control and Applications sections. 


JL2 - Jump to NA Inputs and Load CR2 
The JL2 command is a direct jump to the NA inputs and 
a parallel load of CR2 from the I Bus. This instruction 
allows CR2 to be loaded during the execution of another 
microinstruction. This is useful for storing an interrupt 
vector or a new operation address while finishing a 
previous microinstruction sequence. 

JLA - Jump to NA Inputs and Load CR1 

The JLA command is a direct jump to the NA inputs 
and a parallel load of CR1. CR1 is loaded with the 
incremented value of CRO (CRO plus Cinl- The JLA 
instruction can be used to service an interrupt or as an 
additional form of subroutining. 

JSR - Jump to Subroutine 

The JSR instruction is an unconditional jump to sub¬ 
routine. The jump address is provided by the NA inputs 
which are loaded into register CRO. At the same time, 
the present CRO address is routed through the incre¬ 
menter and "pushed" onto the LIFO stack to CR4. 

The JSR command operates in two modes depending 
upon the status of the RSR flip flop (see Table 2). 

1. Non-Repeat mode is used for normal subroutining. 
The RSR flip flop is clear (RSQ • 0) which causes 


RTN - Return from Subroutine 

The RTN is an unconditional return from subroutine in 
which the LIFO stack is "popped" and the contents of 
CR4 are transferred to CRO. Up to 4 levels of nesting are 
possible with the on-chip stack. 

The RTN instruction is used with the JSR instruction 
for normal subroutining or multiple executions, again 
dependent on the RSR flip-flop (see Table 2). 

1. If RSQ « 0, a normal return is executed. The stack 
is "popped" and the contents of CR4 are loaded 
into CRO. 

2. If RSQ = 1, the stack is "popped" to CRO and 
CR1 is incremented. The RTN will continue in the 
repeat mode until CR1 is filled with all ones. The 
RSR flip-flop is reset when all CR1 registers reach 
full count. As with the JSR command XB inter¬ 
connects parallel MC10801’s to determine full 


The RSR command initializes the RSR flip-flop and 
CR1 for repeating microinstructions or subroutines. 
During the RSR, CRO is incremented to the next address 
location (CRO plus C| n -► CRO), CR1 is loaded from the 
N.A. inputs, and the RSR flip-flop is set to a logic "1”. 
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Register CR1 determines the number of times e micro¬ 
instruction or subroutine will be repeated. Used as a 
cycle counter, CR1 is incremented until the register 
contains all ones (final count). For this reason, the 
repeat count originally loaded into CR1 must be then's 
complement of the desired count number. 

Setting the RSR flip-flop to a logic "1" causes JSR and 
RTN to repeat subroutines and RPI to repeat single 
microinstructions. 


RPI - Repeat Instruction 

The RPI command is used to repeat single microinstruc¬ 
tions. In a repeat mode (RSR flip flop set to logic 1 by 
an RSR instruction), RPI holds the CRO control mem¬ 
ory address constant and increments the CR1 repeat 
counter. At the final repeat count, all 'T's in CR1, the 
RSR flip-flop is reset to logic "0" and RPI loads the con¬ 
tents of CR1 ANDed with the N.A. inputs into CRO. 

The RPI therefore directly jumps to the new address on 
the N.A. inputs after the microinstruction repeat se¬ 
quence is complete. (Note that CR1 remains at all "1"s 
after completing the repeat sequence.) 

XB is common to all parallel MC10801s to insure CR1 
is full on all circuits. 

When not in a repeat mode (RSR flip-flop at logic "0"), 
the RPI instruction becomes a direct jump to register 
CR1. CR1 is ANDed with the N.A. inputs and loaded 
into CRO. In this mode RPI is used with JLA for a single 
level subroutine, where the return address is: (the start¬ 
ing address plus Ci n ) ANDed with N.A. 


BRC - Branch on Condition 

The BRC instruction is a conditional jumptotheN.A. in¬ 
puts. The branch decision isdetermined by the equation: 

XB • (CS4 + B) 

where XB is the external Extender Bus common to all 
parallel circuitry and B is the branch input to any 
MCI0801. If the branch equation equals "0", BRC 
executes a direct jump to N.A. inputs. If the branch 
equation equals a logic "1", the present control memory 
address in CRO is incremented (CRO plus Cin -*■ CRO) 
and the program goes to the next sequential location. 

Normally the test bit is applied to an MC10801 branch, 
B, input. For multiple chip configurations, the XB line is 
connected common so all MCI0801 respond to the same 
branch signal. Select line CS4 is an enable for the B in¬ 
put and selects which MC10801 B input is tested for the 
branch decision. A selected CR3 bit may also be used for 
branching as described in Table 4. 


BSR — Branch to Subroutine 

The BSR is a conditional jump to subroutine. The 
branch condition is determined by the XB line and the B 


input as with BRC. If XB- (CS4 + B) - logic "0" the BSR 
jumps to subroutine. The subroutine destination on the 
N.A. inputs is loaded into CRO, and the present address 
in CRO is incremented and pushed into the UFO stack 
(CRO plus Cin CR4). If the branch equation equals 
logic "1", the present control memory address is incre¬ 
mented (CRO plus Cin -*• CRO). 

Unlike JSR, the BSR command is unaffected by the 
RSR flip flop status. Therefore, a BSR subroutine can be 
nested within a JSR/RTN repeat subroutine sequence 
without incrementing the CR1 cycle count register. A 
ROC is then used to return from the BSR jump. 

ROC - Return on Condition 

The ROC is a conditional return from subroutine. If the 
branch equation XB-ICS4 + B) - 0, the return is exe¬ 
cuted by popping the LIFO stack and loading CR4 into 
CRO. If the equation equals a logic "1", the MC10801 
performs a direct jump in the subroutine by loading the 
N.A. inputs into CRO. ROC operates independent of the 
RSR flip flop and can be used with BSR to nest sub¬ 
routines within a repeat sequence. 

BRM - Branch and Modify 

an address modification by the B and XB inputs. The 
following information is loaded into CRO with CR03 
being the most significant bit in the part. 

CR03 = NA3 
CR02 = NA2 
CR01 = NA1-XB 
CR00 = NA0-B 

Note that XB is inverted as a modifier. This address 
modification allows multiway branching where the 
branches are sequential locations. 

CS4 overrides the branch modifiers as shown in Table 2. 
When multiple MCI0801s areoperated in parallel. CS4 
can be used to disable B and XB on all but the two least 
significant address bits. 

REPEAT AND BRANCH CONTROL B, XB. CS4 

The Branch (B). Extender Bus (XB) and Select line CS4 
control certain MCI0801 instructions to make repeat or 

Branch-B and Select line-CS4: 

8ranch operations BRC, BSR. and ROC use the B input 
as a source of decision information. Parallel MC10801 
circuits determine the branch status from any B input 
enabled by select line CS4. The selected B input is 
routed to the XB line which is common to all MCI0801s 
and allows parallel circuits to operate as a unit. 


A branch decision depends on the following equation: 
XB - (CS4 + 8). Select line CS4 enables the B input 
when held at a negative logic "0" (MECLVqH)- Branch 
then occurs if B = logic "1", and the XB line extends 
this branch condition to all parallel circuits. XB is a 
complemented signal to operate properly when wired 
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together using the emitter dot (negative logic AND 
function). 

The BRM instruction is a special type of branch where 
the B and XB lines determine register CRO bits as follows: 

CR03 = NA3 
CR02 = NA2 
CR01 = NA1-XB 
CROO - NAO-B 

Select line CS4 overrides this use of the branch inputs. 
The above CRO inputs are maintained with CS4 = logic 
"0" and the 4 NA inputs are routed directly to CRO 
when CS4 - logic "1". This feature is used with parallel 
MC10801 circuits to perform a 4-way branch with the 
two least significant address bits. CS4 disables branch on 
the more significant circuits. If two MC10801s are used 
with CS4 = "0” on both chips, 8 way branching is pos¬ 
sible with the next microprogram address being NA7 
NA6 NA5-XB NA4-B2 NA3 NA2 NA1-XB NA0-B1 
where B1 is the branch input on the lower order chip 
and B2 is the branch input on the upper order chip. 

Repeat operations JSR, RTN, and RPI respond to XB, 
but not to B, T he functional equation for a repeat 
decision is RSQ + RIN-XB. Repeat operation is dis¬ 
cussed in the preceding MCI 0801 instruction descriptions 
and the following applications section. 

Extender Bus — XB: 

The XB line operates in several modes and can be driven 
from various parts of the MCI0801 or from external 
circuitry. 


The XB line is controlled by the B input to insure 
branch coupling between parallel circuits as described 
above. Status register CR3 bits can be multiplexed onto 
XB with select lines CS0 through CS3. To make branch 
decisions, the selected CR3 bit goes to all parallel 
MClOBOIs on the XB interconnection. Select lines CSO 
through CS3 operate independently of the selected 
MC10801 IC0-IC3 control instruction and must be 
programmed for the branch. 

Repeat register CR1 and the RSR flip-flop control XB 
during a JSR, RTN, or RPI instruction. If RSQ = logic 
"1" (the MC10801 in a repeat mode) and CR1 signifies 
a repeat count, XB is forced to a logic "0". XB going to 
all parallel MC10801 circuits, couples the cycle count in¬ 
formation in CR1 to control the repeat sequence. During 
a repeat sequence CR3 status bits should be disabled 
from XB to avoid overriding the CR1 cycle count. In a 
nonrepeat mode, RSQ = logic "0", the XB line has no 
affect on JSR, RTN or RPI instructions. 

It is possible to control or modify the XB line from an 
external signal. The XB pins of parallel MC10801s are 
emitter dotted and an external signal can be tied into 
this connection. The external signal would override 
internal MCI0801 control J>y forcing a negative logic 
"0" (MECL Voh) On the XB line. This feature is not 
required for normal MC10801 operation and would be 
used to produce special branch functions. 

Table 3 is a listing of the XB status as controlled by the 
various MC10801 control sequence instructions and 
select lines CSO, CS1, CS3 and CS4. 



i Don't C«r« Condition 


NOTES: t. I RSO )*(CR13*CR12-CR11-CR10) m R«p*at Function 

2. CS3 mMi » bit from CR3 to ta pUod on XB: CSO and CS1 Mtat the bit from CR3. 
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STATUS REGISTER CR3 CONTROL 
CSO, CS1.CS2.CS3 

Register CR3 is primarily used as a storage area for 
microprogram status information. The contents of this 
register are continuously available on MC10801 package 
pins CR30 through CR33. Information can be loaded 
from the I Bus port, NA inputs, or from the single line 
input , Dj n . Select lines CSO through CS3 and the reset, 
RST, input control all CR3 load operations. In addition, 
CSO, CS1, and CS3 enable CR3 bits onto the XB line as 
described in the preceeding section and Table 3. 

CSO and CS1 select one of the four CR3 bits to be 
loaded from information on the Dj n input. This occurs 
with CS2 = logic "0". CSO and CSI also select the I Bus 
or NA inputs for parallel loading CR3. Table 4 shows the 
truth table for entering information into CR3. As with 
all MC10801 registers, CR3 is a master-slave design 
which loads information on a positive going (Vol t0 
Vqh) clock edge. 


TABLE 4 



control memory address information. Note that when 
the CRO buffers are disabled, the CRO information is 
still available for internal operation. This alternate 
addressing feature can be used to load writable control 
storage on power up or for forcing interrupt vectors and 
overriding normal MC10801 operation. Table 5 shows 
the truth table for the CS5 input. 

TABLE 5 


TRUTH TABLE FOR CRO OUTPUT BUFFER 



BUS CONTROL CS6. CS7, CS8 
The I Bus and 0 Bus function as I/O ports for informa¬ 
tion stored within the MC10801 internal registers. For 
data output, CS6, CS7, and CS8 select the proper 
register and enable the bus output drivers. When not 
used to output data the MC10801 internal bus drivers 
are forced to a negative logic 1 (MECL Vol) to provide 
for I Bus and 0 Bus data input operations 

Lines CS6, CS7, and CS8 select data from registers CR1, 
CR2, or either end of the LIFO stack CR4 and CR7. 
CS6 selects either the I Bus or the 0 Bus while CS7 and 
CS8 control the source of output data. Registers CR1 
and CR2 are directly selected. However, CR4 and CR7 
selection is dependent upon IC0-IC3 control instructions 
involving the LIFO. CR7 can be read only during a JSR 
or BSR with branch LIFO push operation. Reset, RST, 
results in a LIFO push and also enablesCR7 as an output. 

LIFO pop operations, as caused by a RTN or ROC with 
branch, forces a logic 1 state on the I Bus and 0 Bus 
drivers. Either port can then input information to CR7 
as required to extend the stack depth with external 
circuits. All MC10801 control instructions not involving 
the LIFO enable CR4 as a possible I Bus or 0 Bus data 
source. Table 6 shows registers available to the I Bus and 
0 Bus as output ports. 


TABLE 6 



The bus control inputs also select either the I Bus or 0 
Bus as input ports to load information into the bottom 
of the LIFO (CR7). Select line CS6 selects either the I 
Bus or 0 Bus while CS7 and CS8 in conjunction with a 
LIFO pop function, RTN or ROC with branch, enables 
these ports as inputs to CR7. Table 7 shows complete 
LIFO operation and selection of I Bus and 0 Bus as con¬ 
trolled by the IC0-IC3 control instructions and the 
CS6-CS8 bus control inputs. 

The I Bus automatically becomes an input port to CRO 
or CR2 during a JIB, JIN, or JL2 instruction. When 
using these instruct]: ..s a logic "1" is normally selected 
on the I Bus drivers, see Table 6, to avoid a conflict 
between internal register data and the incoming I Bus 
information. 

CARRY OUT CoUT 

The C ou t line is a direct function of the C; n input and 
the CR1 or CRO registers as shown in Table 8. Note that 
when RSQ = 0, Cout always monitors the CRO register 
independent of the IC0-IC3 instruction inputs. 
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APPLICATIONS INFORMATION 

The MCI0801 fits a wide range of system sizes and 
applications, and therefore, has no fixed interconnection 
configuration. The specific system design goals will 
determine the control memory size, the number of 
MC10801S, and the interconnection pattern. A typical 
small processor control section can, however, illustrate 
use of the MCI 0801. Figure 3 shows two MCI 0801s 
plus microprogram control storage for the processor. 
Various features are described below: 

MEMORY ADDRESSING 

Two MC10801s provide increment, direct jump, branch, 
and subroutine capability for up to 256 words of control 
memory. Three devices can extend this to 4K words. 
Control register CR0 outputs are the control memory 


A second technique to extend memory addressing 
beyond 256 words is two MC10801s and word-page 
memory mapping. Status Register CR3 of device B 
extends the memory size to 16 pages of 256 words each. 
Increment, direct jump, branch, and subrouting are 
restricted to within a given page, however, the third 
MC10801 and Next Address feedback bits from control 
storage are eliminated. The page address is loaded from 
the I Bus or NA inputs and controlled via the Status Field. 


CONTROL STORAGE 

Control storage can be as large' as 4K words (16 pages x 
256 words) for the example shown. If writable control 
storage is desired. MECL RAM's (MCM 10144 or MCM 
10146) are used. For PROM the MCM 10149 is used. 

The word length is the sum of the various control fields 
existing in the control storage. The Instruction Field 
equals 4 bits, the Next Address Field equals 8 bits, the 
Status Field is up to 10 bits, etc. It is not unusual for 
the word size to be 40 to 80 bits or more including 
the RF, ALU condition code, and other processor 
fields. 

If system cycle times permit, the word size can be de¬ 
creased by control field decoding. Small PROMs such as 
the MCM 10139 or discrete logic are used to decode the 
select line signals. The number of microprogram bits can 
be reduced, but additional delay in the feedback path is 
introduced. 

MICROPROCESSOR SEQUENCE CONTROL 
The control fields feedback from storage to the 
MCI 0801s determine the microprogram sequence. The 
4-bit Instruction Field selects one of 16 control instruc¬ 
tions to generate the next microprogram address. In¬ 
struction lines ICO through IC3 are respectively tied in 
parallel so that devices A and B perform the same 
instruction. 

The Next Address Field is 8 bits wide - four bits to the 
most significant device B and the other four bits to 
device A. The NA inputt are the source of constants, 
starting addresses, jump and branch vectors, subroutine 
vectors, and masking information. The data at the NA 
inputs is used by the MC 10801 and controlled by the 
Instruction Field and/or the Status Field. 

The Status Field can be up to 10 bits wide. The number 
of bits can be decreased with decoding or with selective 
functions used in the MC 10801. 
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Control lines CSQ through CS3 are driven independently 
because they manipulate register CR3 on each MC10801. 
Register CR3 is the Page Address register on device B. 
and is a status bit register on device A. Each CR3 register 
on the two MC10801's must be controlled independently. 


During the RSR. CR1 is loaded with the 2's com¬ 
plement of 4 which is the number of times the 
subroutine is to be repeated. In hexadecimal nota¬ 
tion, this is FC for 4 cycles. Also RSQ is set to 1 
for repeat (in the non-repeat mode RSQ - 0). 


Other connections to the MCI 0801s include: 

1. Cj n of the least significant device A is a logic "1" 
for increment functions. C ou t of device A ripples 
to Cj n of device B. 

2. The XB lines are tied common for parallel branch 
functions. 

3. Branch information is tested on the 8 input of 
device A. As a result, CS4 = 1 for device B to dis¬ 
able its branch input because the input is not used. 

4. Clock and reset are tied in parallel on both devices. 

5. CS5 is the CRO output disable or the Word Address 
Disable. This line can be used for writable control 
storage functions or for interrupt functions. 

6. Data can be entered into the CR3 register on a 
single bit basis using the Dj n input. 


The JSR is executed to begin the subroutine operation. 
During the JSR. the subroutine address 17 -» CRO. the 
present address 06 plus Cj n internal -» CR4 and the stack 
is pushed. If RSQ = 0 or CR1 = FF, Cj n internal « 1. 
Thus for the first 3 cycles when the JSR is executed, the 
present address 06 is loaded into CR4. 

At the end of each subroutine cycle, an RTN is executed 
or (CR4) -» CRO; the stack is pushed, and if RSQ= 1 and 
CR1 # FF, then CR1 is incremented and if CR1 * FF, 0 
-» RSQ. In this example for the first 3 cycles, the RTN 
jumps to 06 (the JSR) and CR1 is incremented finally 


On the final cycle, the JSR is executed with CR1 = FF 
and address 07 is loaded into CR4. Then, the RTN resets 
RSQ and jumps to location 07 to end the operation. 

For this example with an 8-bit word address, the maxi¬ 
mum number of subroutine cycles is 256. 


I BUS ANDO BUS 

The data buses are tied to other ports of the processor. 
Starting addresses, interrupt vectors, and extension of 
the internal LI FO stack are common uses of these buses. 
Both the I Bus and O Bus are bidirectional, and are con¬ 
trolled by the Status Field and the Instruction Field. 

SUBROUTINE & REPEAT FUNCTIONS 

Subroutine and repeat operations are important functions 
of the MC 10801. These can each be illustrated simply. 

1. Non-repeat subroutine - an example is illustrated 
• in Figure 4. The address is limited to the word 
address and is listed in hexadecimal. At address 06, 
a JSR is executed in which address 17 -» CRO, the 
present address plus 1 -» CR4, and the stack is 
pushed. The subroutine begins at address 17 and 
ends at address 19 with an RTN. When the RTN is 
executed, (CR4) -» CRO, the stack is popped, and 
the program jumps to location 07 to continue the 



ample except that an RSR must be executed. 



ber of instruction cycles at 4. 

An RPI then is executed. If RSQ = 1 and CRI^ 
FF, then (CR1) plus 1 -> CR1 and CRO - CRO. If 
CR1 - FF, RSQ is reset and (11)-(FF) - CRO. 

Thus for the first 3 cycles, CR1 is incremented and 
CRO stays at the present address. 

During the fourth and final cycle (CR1 = FF from 
the third cycle) RSQ is reset and CRO jumps to the 
Next Address value (11) AND'ed with the value of 
CR1 (FF) which is all logic Is. The location 11 
now continues the program. 


The maximum repeat cycle is again 256. 
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BSR, BRC, BRM. ROC. JSR. RPI, or RTN 
instruction when RSQ- 1. 
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(M) MOTOROLA 

MC10802 

Advance Information 

MECL - LSI 

TIMING 

FUNCTION 

INTRODUCTION 

The MC10802 Timing Function is an LSI building block Lor 
digital processor systems. This circuit contains the logic and control 
lines to generate system clock phases and provides for start, stop, 
and diagnostic operations. Each part is four bits wide and can 
be connected in series for greater than four phase clock systems. 

The Timing Function as shown in the block diagram below is 
composed of a four phase shifter circuit with buffered outputs. 

Fifteen input lines combine with Control and Start Sync logic to 
control all operations within the part. 

FEATURES 

• Programmable Number of Phases 

• Selectable Double-Width Phases Duration 

• Start Signal Synchronizer 

• Single Cycle Stepping 

• Single Phase Stepping 

• Asychronous Master Reset 

• Cascadable 

• Fully Compatible with the MECL 10,000 Family 



Vcco V CC 

Lcfxjut 03 

CCout 04 

L0ln/Cln TS4 

TS3 SC/SP 

m3 is 
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MC10803 

INTRODUCTION 

The MC10803 Memory Interface Function is an LSI building block 
for interfacing a high speed processor system to main memory or 
peripheral equipment. The circuit contains the logic and storage 
registers for generating memory address and routing incoming or 
outgoing data. Each part is 4-bits wide and can be connected in 
parallel to meet wider system I/O word requirements. An internal 

ALU allows the MC10803 to also assume processor ALU responsi¬ 
bility for many controller applications. Maximum system flexibility 
is maintained with 5 separate data ports. 

The Memory interface Function 'as shown in the block diagram 
below contains six 4-bit registers, an ALU with encoded function/ 
operand select logic, and data transfer circuitry on a single MECL 
bipolar LSI circuit. Fifteen select (MS) lines control register selec¬ 
tion, 13 basic ALU functions, and 17 data transfer operations. 

MECL — LSI 

MEMORY 

INTERFACE 

FUNCTION 


MEMORY INTERFACE FUNCTION 
BLOCK DIAGRAM - MC10803 
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I. Introduction 
II. System Overview 

III. Table of Pin Designations 
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A. Data Transfer Control 

B. ALU Programming. 

C. ALU Destination Control 
VI. Applications Information 

VII. Electrical Parameters 

A. D.C. Parameters 
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C. Waveforms 

D. Test Configuration 
VIII. Package Information 


IMPORTANT FEATURES 

1. Internal ALU for address generation 

a. 13 arithmetic, logic and shift functions 

b. 7 separate ALU operands 

2. Four word register file 

b. 3 general purpose registers for index registers, 
stack pointers, etc. 

3. Memory data register 

4. Memory address register 

5. 17 data transfer and storage operations 

6. 4 bits wide and fully expandable 

7. 5 data ports for maximum versatility 

8. Internal Register File can be expanded by using 
External Register File connected to the I Bus and 0 
Bus. 

9. Fully compatible with MECL 10000 

a. Power supplies 

b. Logic levels 


INPUT/OUTPUT OIAGRAM-MC1O803 
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(M) MOTOROLA 

MC10806 

Advance Information 

MECL — LSI 

DUAL ACCESS STACK 

INTRODUCTION 

The MCI0806 Dual Access Stack is an LSI building block for 
digital processor systems. This circuit consists of 32 words by 

9 bits of memory with two independent address and data ports. 

The circuit is easily expandable in both the word and bit directions 
making it ideal in register file, scratch pad, and highspeed 

The Dual Access Stack, as shown in the block diagram below, 
contains a 32 x 9 memory array, two address ports, two 9-bit data 
input/output ports, two 9-bit output registers, address and data 
parity checking logic, and two error flip-flops in a single MECL 

Bipolar LSI circuit. Separate read, write, and output enables exist 
for each port to control all operations within the part. 


DUAL ACCESS STACK BLOCK DIAGRAM - MC10806 
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SYSTEM OVERVIEW 


The Motorola Ml 0800 family of LSI processor circuits 
combines the cost and size advantages of LSI with system 
design flexibility. Each family part is a major system 
building block which can be interconnected and 
programmed for a wide range of processor applications. 
Figure 1 illustrates a method of using the various circuits 
in a general-purpose 'processor. The MC10800 4-Bit 
ALU Slice performs the various arithmetic, logic, and 
shift functions. This circuit features full BCD capability 
and a complete set of status outputs. The MC10801 
Microprogram Control Function addresses and sequences 
through microprogram control memory. A set of 16 
/ control instructions provides for direct jumps, conditional 
branches, and subroutines within microprogram. The 
MC10802 Timing Function generates clock phases and 
features single-cycle or single-phase clock increment for 
troubleshooting or diagnostics. 

The Register File has been made a separate block 
so that the designer can optimize the size and con¬ 
figuration for his particular system. The main function of 
the Register File is to provide storage for addresses and 
data. Also, the access time of the Register File must be 
fast in order to efficiently utilize the high speed of the 
overall processor system. 


FIGURE 1 - MICROPROGRAMMED PROCESSOR 



The MCI 0806 Dual Access Stack provides the register- 
file function in the processor as well as providing a 
memory buffer interface to peripheral devices. The 
MCI 0806 contains 32 words by 9 bits of memory in 
which 2 words can be independently addressed for read 
or write operations on two separate data I/O ports. 
Also, the circuit has the ability to check for parity errors 
on both the address and the data. 

In the Register File block of the processor configura¬ 
tion shown in Figure 1, the two Data I/O ports .of the 
MCI 0806 are connected to the two internal busses 
of the processor, the I Bus and the <9 Bus. The 
addresses and control signals are connected to the Control 

register file can be operated on by the ALU when the 
clock is at "0" with the result placed on the I Bus when 

the register file in the same microcycle. More details for 
this configuration are given in the Application section. 

In the Peripheral Buffer block, the MCI 0806 can be 
used as a temporary buffer for storing data from the 
processor to the peripheral device or vice versa. One 
Data I/O and Address port of the MCI 0806 is connected 
to the Data I/O and Address port of the MCI 0803. The 
other Data I/O and Address port are controlled by the 
peripheral device independent of the processor. In this 
application, the processor can read and write data into 
the peripheral buffer at high speed using the MCI 0803, 
while the peripheral device can read and write into buffer 
at a slower or faster speed independent of the processor. 
Flag status and interrupt conditions could also be de¬ 
signed into the peripheral interface depending on the 
application requirements. 

The Motorola M10800 circuits interface directly to 
all parts in the MECL 10,000 family. This provides a 
source for high-speed memories and a complete mix of 
MSI and SSI circuits. Circuits are available for special 
hardware functions from high-speed multiply to error 
detection and correction. 

Versatility is a key word to describe each circuit 
in the Motorola Ml 0800 family. The block diagram in 
Figure 1 and the examples in this data sheet are intended 
to illustrate ways to use these LSI parts and do not 
restrict the designer to any particular system configuration 
or application. 
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MECL - LSI 
PROGRAMMABLE 

16-BIT 

SHIFTER FUNCTION 

INTRODUCTION 

The MCI 0808 Programmable Multi-Bit Shifter is an LSI building 
block for shifting data in a high-speed processor system. The circuit 
is essential when performing floating point operations for pre¬ 
normalization or alignment of exponents. 

The Programmable Multi-Bit Shifter as shown in the block 
diagram contains a 16-bit shift network that is fully expandable 
in a shifter array to handle practically any number of bits. The shift 
type function select contains arithmetic, logic, and rotate shifting. 

Four scale factor inputs are provided for specifying the number of 
positions that the input data is to be shifted or rotated. A sign bit 
is also provided for arithmetic shift operations. 


BLOCK DIAGRAM 
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IMPORTANT FEATURES 

1. Three hundred gate complexity reduces package count 
considerably while increasing system speed. 

2. Sixteen separate data inputs and sixteen data outputs 
are available with only two levels of gating separating 
them for high speed operation. The sign bit input goes 
through only one level of gating. 

3. Three shift type select lines are used to select eight 
different shift functions including shift left, shift 

4. Four scale factor inputs select the number of positions 
(in binary and 2's complement for shift right and shift 
left) the data is to be shifted. 

5. Sign bit input is used for arithmetic shifting and for 
sign extend operations. Also, the sign bit is used in 
logic shifting for use in both positive and negative 
logic systems. 

6. The outputs may be disabled for array expansions 
by selecting the "ODA" function. 

7. High-speed operation of 6 ns typ delay from Data-In 
to Data-Out, 6 ns typ delay from Sign Bit to Data-Out, 
and 12 ns typ delay from the select lines to the Data- 


8. Two different shifter arrays can be built. One array 
requires only two package delays for a shifter requiring 
up to 256 bits. The other array requires only one 
INPUT/OUTPUT DIAGRAM -MC10808 package delay but more packages. A 64-bit shifter 

requires ten MCI 0808s with two package delays or 






















